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Summary

A groundwater quality assessment plan was prepared to investigate the rate and extent of aquifer
contamination beneath Waste Management Area T at the Hanford Site. The "first determination,"
concluded Waste Management Area T is contributing to groundwater contamination; therefore, a
continued assessment is required. The plan described here implements this RCRA requirement,
40 CFR 265.93 (d)(7). This plan is an update of a draft plan issued in January 1999, which guided work

performed in fiscal year 2000. Planned activities for fiscal year 2001 and beyond include additional

groundwater sampling and analysis, hydraulic testing to further define flow rate and direction, and

installation of additional wells to improve the detection monitoring network and to better define the areal

and vertical extent of contamination. Four new downgradient wells to enhance spatial coverage will be

completed during calendar year 2000. Five new wells (subject to funding) are planned for calendar year

2001 to further define areal and vertical extent and to help distinguish tank leak sources from upgradient

crib sources.

The results of this groundwater quality assessment will be provided to the RCRA Facility Investi-

gation Corrective Measures Study (RFJ/CMS) conducted by the River Protection Program to investigate

the vadose zone sources of observed groundwater contamination beneath Waste Management Area T.

The groundwater quality assessment and the RFUCMS work will be conducted under separate but

coordinated plans. Results from the groundwater investigation together with the RFUCMS will provide

information to support decisions on interim measures, corrective measures, waste retrieval, and eventual

closure of the tank farms.
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1.0 Introduction

Waste Management Area (WMA) T, containing the T Tank Farm, is located in the northern portion of

the 200 West Area (Figure 1.1) and is used for the interim storage of radioactive waste from chemical

processing of reactor fuel for plutonium production. The WMA, regulated under Resource Conservation

and Recovery Act of 1976 (RCRA) interim status regulations was placed in assessment monitoring in

1993 in accordance with 40 CFR Part 265, Subpart F, and by reference of Washington Administrative

Code (WAC) 173-303-400(3), because of elevated specific conductance, a RCRA indicator parameter, in

one downgradient well. A draft plan was issued in January 1999, which guided work performed in fiscal

year 2000. This document supersedes the draft plan for continued RCRA groundwater quality assessment

of WMA T as required by 40 CFR 265.93 (d)(7). Pacific Northwest National Laboratory() conducted the

assessment. '

1.1 Background

A detection level RCRA groundwater monitoring program for WMA T was initiated in 1989 (Jensen

et al. 1989; Caggiano and Goodwin 1991). The locations of groundwater monitoring wells in the RCRA

monitoring network for WMA T are shown in Figure 1.2. The WMA was placed into assessment moni-

toring in 1993 because specific conductance values in downgradient we11299-W 10-15 exceeded the

upgradient background value (critical mean) of 1,175 µS/cm (Caggiano and Chou 1993). A water-table

map, based on June 1997 measurements, showing the location of wells in the RCRA detection monitoring

network is presented in Figure 1.3. Water-table elevations in the vicinity of WMA T and TX-TY have

been strongly affected by reduction in wastewater discharge and more locally by the 200-ZP-1 pump-and-

treat activity (DOE 2000), as indicated by the dramatic changes in the water-table elevation contours after

1997 south of WMA TX-TY (Figures 1.4 and 1.5).

Elevated specific conductance values in well 299-W 10-15, principally a result of elevated sodium and

nitrate from an upgradient source, dropped below the critical mean in 1994. However, before the WMA

could be returned to a detection level monitoring program, specific conductance in wel1299-W l 1-27

started a rapid increase in late 1995 and exceeded the critical mean in early 1996. In the case of well

299-W l 1-27, the increased specific conductance was accompanied by elevated technetium-99, tritium,

nitrate, calcium, magnesium, sulfate, chromium, cobalt-60, and total organic carbon. In February 1997,

technetium-99, the principal contaminant, reached a maximum concentration of 21,700 pCi/L, 24 times

the drinking water standard of 900 pCi/L.

The first determination (Hodges 1998) did not identify an upgradient source for the contamination

observed in monitoring we11299-W 11-27, and indeed found evidence linking the contaminants in ground-

water to the WMA. Accordingly, continuation of the groundwater assessment is required. The plan

described here implements this RCRA requirement [40 CFR 265.93 (d)(7)].

") Pacific Northwest National Laboratory is operated by Battelle for the U.S. Department of Energy under

Contract DE-AC06-76RL01830.
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As one outcome of the first determination (Hodges 1998), a RCRA Facility Investigation/Corrective
Measures Study (RFI/CMS) will be initiated at WMA T. The primary focus is on characterization of the
nature and extent of vadose zone contamination and assessment of data collected to date to identify initial
activities to minimize intrusion and contaminant migration to groundwater. The schedule and activities
for the RFUCMS are described in the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement, Ecology et al. 1998), Change Request M-45-98-03. In accordance with the agreement
between the U.S. Department of Energy (DOE), and the Washington State Department of Ecology
(Ecology) concerning this change request, the continuing RCRA groundwater quality assessment and the
RFI/CMS work will be conducted under separate but coordinated plans. Integration of the groundwater
quality assessment with the RFI/C1vxS will be accomplished through the Data Quality Objectives process
for the Phase 1 RFJ/CMS Work Plan addenda for WMA T and WMA TX-TY, due in December 2000
(milestone M-45-54). Data from the RCRA groundwater quality assessment will be used in RFl/CMS
planning and will be included either by reference or directly with the vadose zone data from the RFl/CMS
efforts in a field investigation report due June 2003 (milestone M-45-55-T03).

1.2 Objectives

The objectives for the continued assessment ofgroundwater quality at WMA T, as required by
40 CFR 265.93(d)(7)(i), are to determine

ri) the rate and extent ofmigration ofthe hazardous waste or hazardous waste constituents in the
groundwater

(ii) the concentration ofhazardous waste or hazardous waste constituents in the groundwater.

These objectives are related to the remedial investigation of the vadose zone for the RFUCMS at
WMA T. For ezample, results from both the groundwater and vadose zone are needed to assess the
potential near-term risk (risk assessment) associated with hypothetical exposure pathways (DOEIR.L-
99-36). The RFJ/CMS process will be used to determine the potential need for interim or corrective
measures. The process will proceed incrementally. If there is a determination of substantial risk based on
both the groundwater and vadose zone results, a decision to acquire additional data may be made or more
immediate near-term mitigating actions may be taken (DOE/RL-99-36). Evaluation of risks associated
with existing soil and groundwater contamination will serve the following purposes:

• establish the need for additional interim or corrective measures
• provide input to Hanford site-wide cumulative risk assessments
• serve as a basis to begin identifying cleanup standards (DOE/RL-99-36).

The endpoint for both the soil and groundwater investigations will be decided by Ecology using the
risk assessment results.

1.7



Key questions related to the above objectives are as follows:

What is the vertical and horizontal concentration profile of all hazardous waste constituents in the
plume(s) released from WMA T?

2. What is the rate and extent of contaminant migration in the groundwater?

3. What are the likely sources or source areas for observed groundwater contamination?

4. What are the likely driving forces for observed groundwater contamination?

5. What is the groundwater flow direction?

The groundwater quality assessments for the single-shell tank WMAs are conducted by PNNL for

DOE. Also, in accordance with the cleanup objective for Hanford Site tank farms, the groundwater inves-

tigations will be planned and implemented to support decisions on interim measures, corrective measures,

waste retrieval, and eventual closure of the tank farms.

1.3 Scope

The scope of this plan is to acquire the necessary groundwater data to determine the vertical and areal

extent of groundwater contamination, contaminant concentrations, and the rate of migration of contam-

inants originating from the WMA T. In addition, work conducted under the plan will provide information

for the RFUCMS to be conducted at this WMA. Accordingly, the areal study boundary for this plan is the

same study boundary as described for the RFl/CMS at WMA T (Change Request M-45-98-03, Attach-

ment One). This consists of the fenced area within the T Tank Farm as well as ancillary structures, such

as cribs and transfer lines, etc. adjacent to the fenced area. The vertical extent is defined by the bottom of

the aquifer (-56 m[184 ft] thick) contained within the semi-cemented sands and gravels of the Ringold

Formation.

1.4 General Approach

The general approach to meet the specific or immediate objectives for the continued assessment (i.e.,

to determine the concentration, rate of movement, and extent of contamination) includes the following

major components:

• Determine optimum locations for new monitoring wells to improve the probability of detecting

contaminant plumes from the WMA. A combination of well network design modeling and observa-

tional inferences will be used for this purpose. A reliable detection network is also important to

demonstrate the effectiveness of any interim corrective measures undertaken as a result of the

RFl/CMS process.

1.8



• Determine depth distribution of contaminants within the aquifer by discrete depth sampling during

drilling of new wells and multi-depth well completions.

• Conduct hydrologic testing on selected wells to obtain estimates of hydraulic conductivity, effective

porosity, and preferential flow zones within the screened interval of monitoring wells. This infor-

mation will be used in concert with new water-level data to determine groundwater flow velocities

and to determine optimal locations of sampling intervals within the well screen intervals.

• Use spatial and temporal mapping of the contaminant plumes to delineate the extent and concentra-

tion of contaminants and their relationship to potential sources within the study boundary. In concert

with hydrogeologic data, estimate the approximate rate and direction of contaminant migration.

• Use ratios between various chemical constituents and isotopes (fingerprinting) to aid the identifi-

cation of contaminant sources (e.g., cribs versus tanks) affecting groundwater quality. This, in tum,

can help narrow the areas of concern for the vadose zone studies to be conducted for the RFUCMS.

This activity will be closely coordinated with the Tank Farm Vadose Zone Project activities, which

include reconstruction of tank waste inventories over time based on tank transfer and disposal history.

The above efforts will lead to

• improved knowledge of the direction and velocity of groundwater flow

• a better understanding of the location and areal and vertical extent of contaminant plume(s) in the

vicinity of WMA T

• enhanced understanding about the sources and characteristics of the groundwater contamination

• recommendations for effective placement of new monitoring wells.

1.5 Plan Organization

In addition to this introduction, a review of existing data including stratigraphy, water-level data,

groundwater chemistry, and conceptual model development is presented in Chapter 2.0. A description of

the groundwater monitoring program including evaluation of the assessment network, constituent lists and

sample frequency, hydraulic testing, groundwater flow direction, and plume extent are presented in

Chapter 3.0. The references cited in the text are given in Chapter 4.0. The sampling and analysis plan is

included as Appendix A. Geologic cross-sections and as-built drawings of the existing RCRA and non-

RCRA monitoring wells that will be used in the investigative activities are included in Appendix B.

Results from the spatial modeling effort (e.g., Monitoring Efficiency Model as documented in [Wilson

et al. 1992]) are included in Appendix C. Preliminary results obtaiged from detailed hydrologic charac-

terization tests within the WMA are presented in Appendix D.

1.9



2.0 Existing Data

This section summarizes existing stratigraphic, hydrologic, and groundwater chemistry data within

and in the vicinity ofWMA T. Most of this information is derived from RCRA and/or earlier non-RCRA

groundwater monitoring wells. An extensive data set exists for the four RCRA-compliant wells

(299 W10-16, 299-W 10-15, 299-W 11-27, and 299-W11-28) that were part of the original detection level
monitoring network Wells 299-W10-16 (upgradient), 299-W10-15, and 299-W11-27 went dry; well

299-W l 1-28 is going dry. In calendar year 1998, two wells, 299-W10-23 and 299-W 10-24, were drilled

to replace wells 299-W 10-15 and 200-W 11-27, respectively. Eight non-RCRA wells (299-W10-1,

299 W10-12, 299-W10-8, 299-W 11-23, 299-W i 1-24, 299-W 11-12, 299-W10-4 and 299-W11-7) were

added to the extended assessment monitoring network. However, data for other wells in the area are

sparse or non-existent. One of the goals of this assessment is to provide a viable database for water levels

and groundwater chemistry in the larger area around the WMA. This information will aid the understand-

ing of hydrogeologic conditions at the WMA and aid in tracking the movement of contaminant plumes.

2.1 Stratigraphy

WMA T is underlain by approximately 152 m(500 ft) of suprabasalt sediments, based on the strati-

graphy in we11299-W11-26 (DH-6), reported by Lindsey (1995). The suprabasalt sediments consist of

approximately 36 m (120 ft) of Hanford formation glacial flood deposits, 3 m (10 ft) of Plio-Pleistocene

unit, and 117 m (385 ft) of Ringold Formation. The lower mud unit of the Ringold Formation occurs at a

depth of 126 m(412 8) and, where it is locally confining, the unconfined aquifer has a thickness of

approximately 52 m(170 ft) and is contained entirely within unit E ofthe Ringold Formation. The water

table beneath the WMA occurs at a depth of approximately 70 m (230 8), thus, the unconfined aquifer

beneath the WMA has a thickness of approximately 56 m (184 ft).

The Hanford formation consists of gravels, sands, and silts deposited by catastrophic glacial floods at

the end of the Pleistocene. The Hanford formation sediments are clast supported, uncemented, and highly

permeable to both liquid and gases. At WMA T, they are contained entirely within the vadose zone. The

Plio-Pleistocene unit is a sandy, silty carbonate cemented (caliche) paleosol that occurs at the top of the

Ringold Formation. It is present throughout the 200 West Area and forms an extensive, but imperfect,

barrier to vertical migration within the vadose zone. The Ringold Formation, in the vicinity ofWMA T,

consists of fluvial sediments deposited by the ancestral Columbia River. It is dominated by two gravel

packages, unit E above a fme gained unit, the lower mud unit, and unit A between the lower mud unit and

the top of basalt. Gravels within unit E, which contains the unconfined aquifer beneath the WMA, are

characterized by highly variable cementation. As a result ofthis irregular cementation, highly variable

hydraulic conductivities and preferred flow zones likely occur within the aquifer. A generalized strati-

graphic column for the Hanford Site is presented in Figure 2.1.

A north-south cross-section through WMA T and TX-TY, based on geologic and geophysical logs

from existing RCRA monitoring wells, is presented in Figure 2.2.
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2.2 Water-Level Data

Water levels have declined beneath the WMA since the inception ofRCRA monitoring in 1989
(Figure 2.3). This decline, resulting from decreasing effluent discharge in the 200 West Area, became
much steeper in 1995 with the effective cessation of discharge to ground in this area. The rapid decrease
in water levels after 1995 has resulted in monitoring wells going dry more quickly than previously pre-
dicted and has necessitated the drilling of new monitoring wells.

Groundwater flow directions in the vicinity ofWMA T have been highly variable because of chang-
ing effluent discharge sites within the 200 West Area (Hodges 1998). At the time the RCRA detection
network was established, the direction of groundwater flow was toward the northeast (Caggiano and
Goodwin 1991). However, effluent discharges within the 200 West Area have declined in magnitude and
stopped entirely in 1995. This caused the direction of groundwater flow to move to a more easterly direc-
tion, which is believed to be the direction of groundwater flow prior to the establishment of the Hanford
Site. During 1998, this change in the direction of groundwater flow accelerated (see Figure 1.4).
Whether the direction of groundwater flow will stabilize in an easterly direction, or will continue to rotate
toward the southeast, is uncertain. Another variable is the high cementation within the Ringold Forma-
tion. Thus, locally, there may be preferred flow paths that differ from the general flow direction indicated
by the water-table maps.
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Figure 2.3. Hydrographs for RCRA Monitoring Wells at WMA T
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2.3 Groundwater Chemistry

Groundwater chemistry in the vicinity of WMA. T is dominated by high sodium, high nitrate ground-
water containing varying concentrations of tritium, technetium-99, and other contaminants. These
contaminants are a result of 50 years of waste management activities in the 200 West Area. In fact, the
WMA was originally placed in assessment because of variations of specific conductance in background
groundwater as it affected we11299-W 10-15 (Caggiano and Chou 1993, Hodges 1998). In contrast,
groundwater northeast of the WMA has very low ionic strength. This water is essentially contaminant
free, possibly a result of leaks from a transfer line taldng T Plant effluent (primarily cooling water) from
the 207-T Retention Basin to the 216-T-4-2 Ditch as discussed below.

Prior to 1995, contour maps showed a localized area of very low specific conductance (<250 µS/cm)
area near the northeast comer ofT Tank Farm. However, a large area west ofWMA T and extending east
across WMA T showed high specific conductance (-1,000 µS/cm) (see Figure 3.6, Hodges 1998).
Columbia River water, the source of Hanford Site makeup water, has a specific conductance of about
140 µS/cm. Thus, the very localized zone oflow conductivity water was attributed to a leaking waste-
water line in this area that was used to transfer cooling water to the 216 T-4-2 Ditch. In late 1995, fol-
lowing termination of surface discharges within the 200 West Area, downgradient we11299-W l 1-27,

located at the northeast comer ofWMA T, experienced a rapid increase in specific conductance,
technetium-99, chromium and other contaminants. In February 1997, technetium-99 reached a maximum
of21,700 pCi/L (drinking water standard = 900 pCi/L). In late 1997, the contaminants affecting well

299-W11-27 reached downgradient we11299-W 11-23 (Figure 2.4). Apparently the localized groundwater

mound from the leaking wastewater transfer line diverted the contaminant plume away from the monitor-

ing well(s) or pushed it down below the screened interval of we11299-W l 1-27. When the discharges to
ground were terminated in 1995, the mound dissipated and the monitoring wells could then intercept the
contaminant plume from T Tank Farm.

Sampling during drilling at we11299-W10-24 (WMA T) and 299-W 14-14 (WMA TX-TY), drilled
through the Ringold lower mud unit, indicate contamination with carbon tetrachloride, tritium, and
technetium-99 throughout the thickness of the aquifer, and below the lower mud unit. Contaminant

concentrations tend to peak at depths of 30 to 45 m(--100 to 150 8) beneath the water table, however they

are present in significant concentrations at all depths that were sampled.

The direction of groundwater flow at WMA T is complex, and there are multiple potential sources of
groitndwater contamination in the area. Therefore, a means is needed to distinguish one source type from
another. One approach is to use elemental and isotopic ratios of mobile groundwater constituents as
indicators to differentiate tank from crib sources. These ratios also may be used to define mixing lines for
varying groundwater compositions (Hodges 1998). Contaminant concentrations can vary widely from the
centerline of a plume to the outer edges. However, the ratio of two mobile constituents associated with
the plume will not change (assuming the plume in question is the only source of the two constituents).
Variation in the ratios (systematic deviation from a single or narrow range of values) of selected contam-
inant concentrations could be attributed to different source types. For example, the sodium/calcium ratio
could provide useful information to discern between different sources. Other useful ratios include tritium/
technetium-99, and nitrate/technetium-99.
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2.4 Conceptual Model

Conceptual models are essentially collections of working hypotheses that provide a framework for

ongoing work. This framework should be continually modified as new data become available and new

understanding is developed.

Figure 2.5, taken from Johnson and Chou (1998), is a reasonable representation or first approximation

of possible pathways to groundwater in the 200 West Area. Sources of contamination include tank leaks,

tank overflows, junction box or transfer line leaks, and in the case ofWMA T, cribs and part of a tile field

included within the WMA boundaries. Although seven tanks within WMA T are known or suspected

leakers, the major potential leak source is associated with tank T-106 that leaked an estimated 4.34 X 105

L (115,000 gal) of tank supernate (Routson et al. 1979). In addition, a tank overflow event at tank T-101

prior to 1974 may have released a volume of waste comparable to the T-106 leak (Routson 1981).

Driving forces for moving waste through the vadose zone consist principally of gravel-enhanced
infiltration of normal precipitation (Gee et al. 1992) and the effects of flooding during rapid snow melt
events (Hodges 1998, Figure 3.23). Water lines within the T Tank Farm are generally lacking and do not
represent the type ofproblem presented at WMA S-SX (Johnson and Chou 1998); however, it is possible
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Figure 2.5. Soil Pathway Conceptual Model. Purple depicts tank waste and leakage during early operations in the
1960s. Subsequent hypothetical movement of contaminants through the vadose zone, shown in red, yellow,
and green, covers a time period from early operations to the present. As a result of volume reduction
measures, a much smaller volume of free liquid remains in the tanks today. Depth to groundwater is about
70 m(-230 ft) at WMA T. The tank base elevation is about 15 m (50 ft) below ground surface. The
geologic strata shown are simplified for illustration purposes. (From Johnson and Chou [1998]).



that water from the pipeline along the northeastern cotner of the WMA migrated down along the top of
the calcite cemented Plio-Pleistocene unit (caliche layer) and mobilized waste in the vadose zone beneath
the WMA.

Previous investigations of tank leaks at tanks SX-108 and T-106 (Serne et al. 1998, Freeman-Pollard
et al. 1994), suggested that most of the contaminants remained high in the soil column. One hypothesis
proposed to account for this observation involves both sorption and plugging of the pore spaces in the soil
with silica and alumina gels or precipitates released through reaction of highly alkaline waste and silicate
minerals in the soil column (Seme et al. 1998). Thus, on the basis of the two studies cited, there was not
a general downward migration of contaminants, particularly cesium-137, strontium-90 or transuranics.
However, these studies are not conclusive concerning the fate of more mobile constituents and ground-
water evidence indicates that pathways do exist.

Regardless of the pathway through the vadose zone, when tank waste reaches the water table it may

sink or form a layer at the top of the aquifer depending on the density of the waste and its arrival rate at

the water table, relative to the rate of groundwater flow. Hanford tank waste is essentially a saturated

sodium nitrate brine, and its density is sufficient to allow it to sink through the aquifer if flow rate is too
low to facilitate mixing. Waste mobilized by influx of meteoric or other surface water will be diluted and

the density will depend on the degree of mixing. An additional complication is relatively clean water that

may infiltrate to the water table upgradient and/or downgradient of the point where the contaminants

entered groundwater, an effect enhanced by wide gravel aprons around the tanks. Thus, there may be

vertical layering in the aquifer resulting from multiple infiltration effects. Determination of the vertical

variation of contaminants within the aquifer may aid in determining vadose zone transport mechanisms

within the tank farms.
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3.0 Groundwater Quality Assessment Program

The initial investigation of groundwater quality conditions at WMA T (Hodges 1998) addressed the
basic question of whether or not the WMA was responsible for contributing to groundwater contamina-
tion. Because it was concluded that the WMA has affected groundwater (Hodges 1998), the general focus
of the continued investigation is to determine the rate and extent of migration of the hazardous constitu-
ents or waste constituents in the groundwater and their concentrations [40 CFR 265(d)(4) and by refer-
ence WAC 173-303-400(3)). The requirements under the continued assessment program are more
intensive than what is required for RCRA indicator evaluation monitoring. This section presents the
groundwater monitoring network (including proposed locations for new wells), sampling frequency, and
analytical constituent lists to be used to meet the requirements of assessment monitoring.

3.1 Assessment Network

The current assessment network consists of point-of-compliance wells located near the tank farm

fence line and one mid-field well (299-W 11-7). As a result of the shift in groundwater flow direction to

the east, and MEMO model predictions of well coverage efficiency (Appendix C), combined with both

judgment and contaminant observations, three new wells as well as one replacement well are proposed to

be drilled in calendar year 2000. These new wells will provide a more complete areal coverage to

identify potential sources of contamination within the WMA and will help fulfill the requirement to assess

the extent of groundwater contamination from this WMA. Existing monitoring wells and the proposed

new wells for calendar year 2000 are listed in Table 3.1a. The approximate location of the wells are

shown in Figure 3.1. In addition, five wells are planned for calendar year 2001 pending funding availa-

bility (Table 3.1b). The proposed well locations are shown in Figure 3.2. One well is an upgradipnt well,

which will replace a non-RCRA well (299-W10-I). Another well is a near-field downgradient well,

which will monitor at depth to evaluate contaminant depth distribution near the WMA. Also, two wells (a

deep and an intermediate depth well) adjacent to well 1(calendar year 2000 well, see Figure 3.2) will be

drilled for a three well cluster. If contamination is detected at depth in downgradient wells, the results

from monitoring wells installed at these locations will be evaluated to detemzine whether deep upgradient

wells will be needed to differentiate possible upgradient sources of the deep contamination. As-built

diagrams for the existing assessment network wells are presented in Appendix B.

There is a mid-field deep well to evaluate the horizontal and the vertical extent of contamination. The
contaminant plume intercepted by we11299-W 11-27 apparently came from within the WMA,
and probably from the northern portion of the T tank farm. When the plume was intercepted at well

299-W 11-27, the groundwater flow was generally toward the northeast. With the present groundwater

flow toward the east, or slightly north of east, the existing plume should drift eastward across the down-

gradient wells. Any contaminants entering groundwater beneath the WMA will now form a plume

moving toward the east from wherever it originates within the WMA. The contaminant chemistry of

groundwater in the new downgradient wells, coupled with better estimates of flow velocities and of

aquifer hydraulic properties resulting from tests in the new wells (see Section 3.4) will allow a determi-

nation of the best location for this well.
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Table 3:1a. Assessment Monitoring Network, Constituent List and Sampling Frequency
for WMA T

Well
RCRA

Standard
Sampling

Frequencyt'^
Constituent

Listro^ Co-Sample Comment

Eidsting Monitoring Network

299-W10-1 N Q A

299-WIO-12 N Q A To be decommissioned

299-W 10-23(`' Y Q A 299-W 10-15 replacement

299-W 10-8 N Q A

299-W10-24(d) Y Q A,B,C 299-W i 1-27 replacement

299-W11-23 N Q A,B Goingdry

299-W 11-24 N Q A,B 299-W l 1-28 replacement

299-W 11-28 Y Q A,B Going dry

299-W11-12 N Q A

299-W10-4 N Q A 299-W10-16replacement

299-W11-7 NA SA A AEAt°) Mid-field

New Wells to be Drilled in Calendar Year 2000

Well1 Y Q A,B,C

Well 2 Y Q A,B 299-W11-24 replacement

We113 Y Q A,B

Well4 Y Q A,B

(a) SA = Semiannually; Q Quarterly; NA = Not applicable.
(b) Letters refer to lists in Table 3.2.
(c) Completed October 1998.
(d) Completed September 1998.
(e) Inte ated with Atomic Ener Act monitoring activi .

In addition, some wells may become unusable in the future because of the declining water table
and/or changing direction of groundwater flow or being decommissioned. If this happens, the effect on
the monitoring network must be re-evaluated and, on the basis of ongoing evaluations, it may be
necessary to deepen existing wells, where feasible, and or to drill new wells.

Well 299-W10-24 (we11299-W 11-27 replacement) was drilled through the lower mud unit of the
Ringold Formation, with groundwater samples collected at discrete intervals within the aquifer, to
determine the depth distribution of contaminants. Samples were taken at depths of approximately 15, 30,
46, 58, and 67 m (50, 100, 150, 190, and 220 ft) below the water table. The lower two depths provide
samples immediately above and below the Ringold lower mud unit, based on the stratigraphy for nearby
well 299-W11-26 presented by Lindsey (1995). After sampling, the well was backfrlled and completed at
the top of the water table with a 10-m (35-ft) screened interval. Results from the discrete depth sampling
indicated deeply distributed nitrate, tritium, and carbon tetrachloride. Technetium-99, on the other hand,
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Figure 3.1. Locations of Wells in Assessment Network

declined rapidly with increasing depth. These observations suggest different sources that originated under

different hydraulic conditions resulting in variable depth distribution of the contaminants.

Several older non-RCRA wells (see Table 3.1a) also are included in the assessment network. For

example, a non-RCRA well (299-W 11-24) is used to replace a RCRA well (299-W 11-28) that is going

dry. Well 299-W l 1-24 will be included in the assessment network until a new RCRA compliant well that

replaces well 299-W 11-24 is completed, developed, and ready for sampling. These wells, drilled prior to

1990, normally have carbon steel casings that are perforated to allow access to the aquifer. Because of
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Table 3.1b. Additional Assessment Wells, Constituent List, and Sample Frequency Planned for
WMA T in Calendar Year 2001 (not listed in order of priority)

RCRA Sampling Constituent
Well Standard FrequencytN Listrol Co-Sample Comment

New Wells to be Drilled in Calendar Year 2001t`)

We115 Y Q A,B

I

Replace non-RCRA upgradient well
299-W 10-1

We116 Y Q A,B Monitor at depth to evaluate down-
gradient contaminant depth distribution

We117 Y Q A,B A mid-field well to evaluate horizontal
and vertical extent of downgradient
contamination

Wells 8 and 9 Y Q A,B,C Two wells adjacent to calendar year
2000 Well 1; these wells will evaluate
contamination and monitor at selected
depths

(a) Q = Quarterly.
(b) Letters refer to lists in Table 3.2.
(c ) Pending funding availabili ty .

the materials used to construct these wells and the potential effects of corrosion on groundwater chem-
istry, special care must be taken to maintain these wells and to purge the wells before sampling. How-
ever, with proper precautions, they should yield water samples adequately representative of the aquifer.

The need for additional new RCRA wells beyond those discussed above will be evaluated at least on
an annual basis to determine the effects of declining water tables, changing flow directions, and contam-
inant distribution patterns.

3.2 Constituents and Sampling Frequency

Sampling frequency (see Tables 3.1a and b) will depend on both proximity to the WMA and trends
in contaminant concentrations in the well.. Initially, wells immediately adjacent to the WMA will be
sampled on a quarterly basis and more distant well (299-W l1-7) on a semiannual basis. If there is a rapid
increase in technetium-99 activity, or if technetium-99 exceeds the drinking water standard, sampling
frequency in that well will be increased to quarterly. As the assessment study proceeds, the sampling
frequencies may be increased or decreased on the basis of flow rates, flow directions, or contamitiant
patterns.

The analytical constituent lists (Table 3.2) are designed to meet monitoring needs of the assessment
program. List A is the basic list for monitoring in near-field wells. Inductively coupled plasma (ICP)

metals and anions, coupled with radionuclide analysis provide information on the major contaminants

associated with the WMA and for calculating the ratios necessary for plume fingerprinting.
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Figure 3.2. Proposed New Well Locations for WMA T

Total organic carbon (List B), a RCRA indicator parameter, will be analyzed in selected near-field
downgradient well samples because many of the tanks contain organics (complexants) and because it is a

co-contaminant in we11299-W11-27. Total organic halogen is not on the list because halogenated hydro-

carbons are not believed to be significant tank waste components. Carbon tetrachloride and trichloro-
ethene are present in groundwater throughout the area; however, they are principally a result of waste
disposal activities at the Plutonium Finishing Plant and are tracked by monitoring activities required by
the Atomic Energy Act. Because of its importance in delineating contaminant sources in the vicinity of

the WMA, carbon tetrachloride may be added to the constituent list when needed.
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Table 3.2. Analytical Constituents for WMA T

List A List B List C

Temperature Total organic carbon^9 Strontium-90(b)

Specific Conductance Gamma scan

pH Special Analyses(`)

ICP Metals

Anions

Alkalinity

TDS

Gross Alpha

Gross Beta

Technetium-99

Tritium

(a) Individual analysis.
(b) Non-routine analysis. If analytical result of strontium is shown as nondetects, it

will be dropped.
(c) Non-routine analyses and include ruthenium-101, selenium-79, americium-241,

and neptunium-237.
ICP 6 Inductively coupled plasma.
TDS = Total dissolved solids.

Ruthenium-101(stable), selenium-79 (ta = 6.5 x 10° years), neptunium-237 (tu = 2.14 x 106 years),
and americium-241(tK = 244 years), (List C) are tank waste constituents that are known to be present in
tank waste and may be detectable in groundwater in low concentrations. Because of low expected con-
centrations, these constituents may be analyzed only in selected samples that have high concentrations of
tecbnetium-99, another mobile tank waste constituent. If results are positive for the high technetium-99
samples, the analysis may be extended to other samples.

33 Hydraulic Testing

Hydrologic data for the WMA T area are incomplete. Slug tests during completion oftwo RCRA
wells yielded estimates of hydraulic conductivity. In addition, a tracer test carried out on the north side
ofWMA T in 1979, as part of the T-106 tank leak study (Routson et al. 1979), yielded a lower limit for
groundwater-flow velocity of 0.41 m (1.3 ft) per day. Under present conditions (lower hydraulic
gradient), that determination indicates a groundwater flow velocity lower limit of approximately 0.2 to
(0.7 ft) per day. The tests described below are designed to provide hydrologic data that will allow
evaluation of groundwater-flow rates and contaminant migration rates in the vicinity of WMA T and may
be used in risk analysis.
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Hydrologic testing is planned for the two monitoring wells (299-W I 0-24 and 299-W10-23) drilled

during 1998 and selected new wells planned for calendar year 2000. The hydrologic test plan includes
several individual test elements designed for specific characterization information. Identified individual

test and parameters to be measured include

• Slug Testing - evaluating well-development conditions and providing preliminary hydraulic property
information (e.g., hydraulic conductivity) for design of subsequent hydrologic tests

• Tracer-Dilution Test - determining the vertical distribution of hydraulic conductivity and/or ground-
water flow velocity within the well screen section

• Tracer-Pumpback Test - tracer removal and characterizing effective porosity, an important hydraulic
transport parameter

• Pumping Test/Recovery - conducted in concert with tracer-pumpback phase. Analysis of drawdown

and recovery data provides quantitative hydraulic characterization property information (e.g.,

hydraulic conductivity, storativity, specific yield).

As noted above, slug testing is designed primarily to provide initial estimates of hydraulic properties

to design more quantitative hydrologic tests. Several slug tests will be conducted at different stress levels

during this characterization phase to provide information pertaining to well development and possible

presence of near-well heterogeneities. After slug testing, a tracer-dilution test will be conducted on

selected wells, and, in turn, a combined constant-rate pumping and tracer-pumpback test. Information

obtained from the detailed hydraulic characterization will provide aquifer information pertaining to flow

velocity, hydraulic properties, and effective porosity in the vicinity of the well site, as well as well
perfoimance%fficiency. This information will serve as input to numerical models used to simulate
groundwater flow and to predict contaminant transport within the Hanford Site.

For the tracer-dilution test, a solution of potassium or lithium bromide (or other suitable tracer) of

known concentration will be circulated/mixed within the well screen section. The decline (i.e., dilution)
of tracer with time within the well screen will be monitored directly using bromide specific-ion electrodes

located at known depth intervals. Based on the dilution characteristics observed, the vertical distribution

(i.e., heterogeneity) of hydraulic properties and/or flow velocity can be estimated for the formation/well

screen section.

After the tracer-dilution test is completed, and the tracer has sufficient time to clear the borehole, a

pump will be placed in the well and water will be discharged at a constant rate to recover most of the

tracer. The tracer-pumpback phase will be complete when the centroid of tracer concentration has been

recovered. Analysis of the tracer recovery pattern will provide information on hydraulic conductivity and

effective porosity. In order to quantitatively characterize the hydraulic properties of the surrounding

formation, the constant-rate-pumping test might be extended for duration longer than required for

"capturing" the centroid of tracer concentration. The time required to obtain representative hydrologic

property results will be deternuned using diagnostic derivative analysis results of the drawdown data
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obtained from the pumped and nearby observation well locations. A detailed description of the use of
derivative analysis techniques is provided in Spane (1993) and Spane and Wurstner (1993).

After the constant-rate pumping test is complete, the recovery of water levels within the pumped and
nearby observation wells will be monitored. The time required for recovery monitoring will be assessed
through the use of diagnostic derivative analysis, similar to drawdown data during the pumping phase.
For generai planning purposes, however, recovery monitoring should be maintained for a period equal to
the pumping period and preferably longer.

One important planning assumption for the hydrologic testing is that the water produced during
pumping can be disposed of as ordinary purgewater. If the water must be handled as "F" listed waste, the
cost may prohibit hydrologic testing that requires pumping large volumes of water.

As of September 30, 2000, all of the above identified hydrologic tests were completed for well
299-W10-24 and slug test was completed for well 299-W 10-23. Preliminary results obtained from
detailed hydrologic characterization tests within the WMA are presented in Appendix D. Final results
will be documented in PNNL technical reports and in the groundwater annual report.

3.4 Groundwater Flow Direction

Determining both the direction and velocity of groundwater flow is important to assess and predict
contaminant transport. The tests discussed in Section 3.4 provide estimates of groundwater flow
velocities; however, they do not allow estimates of groundwater flow direction.

A number of techniques, including downhole flow measurements, and accurate determination of
water-table elevations can be used to determine the direction of groundwater flow. It should be noted,
however, that each of the identified techniques has strengths and wealmesses. For example, there is a
high degree of uncertainty about the accuracy and reliability of downhole flow measurements, and the
fact that they represent only a point in space.

For initial evaluation of groundwater flow directions at WMA T, trend-surface analysis will be
applied to refined water-table elevation measurements. As of September 30, 2000, trend-surface analysis
was completed for well 299-W 10-24 (see Appendix D, Table 5). If, it a later date, the uncertainties about
downhole flow meter measurements are positively resolved, flow meter measurements may be used to
supplement or corroborate trend-surface analysis results.

3.5 Plume Extent

Regulations concerning RCRA assessment require both the horizontal and vertical extent of contam-
inant plumes be determined. Because the contaminant plume extends in both upgradient and downgra-
dient directions from monitoring wells, it is important to determine the source as well as the downgradient
extent of the plume. Groundwater monitoring wells, either existing or newly installed, are necessary to
provide sampling data to establish the concentration of contaminants released from the WMA and the
rate and extent of their migration. Four new wells are planned for calendar year 2000 to enhance the
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downgradient coverage (see Figure 3.1). As of October 2000, three of the planned calendar year 2000
wells were drilled. Additionally, five wells are planned for calendar year 2001 to enhance the delineation
of horizontal as well as vertical contaminant distribution (see Figure 3.2). If contamination is detected at
depth in downgradient wells, the results from monitoring wells installed at these locations will be eval-
uated to determine whether deep upgradient wells will be needed to differentiate possible upgradient
sources of the deep contamination. The determination of sources within the WMA can be done only
through the integration of groundwater sampling data with vadose characterization results within the
WMA. Infoanation on the depth distribution of contamination within the aquifer can be obtained through
drilling new wells into the deeper portions ofthe aquifer or by discrete level sampling of older wells with
long perforated intervals within the aquifer. In this study, both approaches will be used. In all of these
determinations, it is important to use the overall pattern ("fingeprint") of contaminant concentrations, not
simply the presence or absence of a particular contaminant to determine the impact of the contaminant
plume in a particular well.

3.5.1 Plume Fingerprinting

Given the complexity of groundwater contamination patterns and the multiple potential sources for
most contaminants observed in groundwater, individual contaminants are not reliable indicators of source.
However, Johnson (1997), Johnson and Chou (1998), and Hodges {1998) have shown that ratios of
chemical constituents and isotopes, coupled with process knowledge, may allow distinction of different
groundwater contaminant source chemistries (see Section 2.2). In this context, "fingerprint" is defined as
a set ofchemical and isotopic parameters that are considered unique to a particular contaminant source.
Given different reactor fuel burnup parameters, different processes used to extract plutonium from the
fuel, and the treatment and mixing of the waste after reaching the tank farms, it is highly unlikely that any
two contaminant sources would share exactly the same fingerpriat (see Agnew 1997). Ratios to be used
include sodium/ealcium, tritium/technetium-99, and nitrate/technetium-99. Contour plots of the ratios
should allow discrimination of tank waste effects from contamination originating from either tank or crib
sources and will facilitate determination of the extent of the contaminant plume.

In addition to nitrate/technetium-99 ratios, some trace mobile tank waste constituents (ruthenium-101,
selenium-79, and neptunium-237 and possibly complexed americium-241) should be present in very low
concentrations in groundwater contaminated by tank waste. The ratios of these isotopes to each other and
to other mobile tank waste constituents could be specific to different waste sources within the tank farms.
Thus, if concentrations for one or more ofthese isotopes can be determined for groundwater, and
compared with ratios determined for the soluble fraction from solid samples within tank farm vadose
contaminant plumes, it may be possible to identify specific source areas within the WMA. Because these
tank waste constituents will most likely be present in detectable concentrations in groundwater containing
high concentrations of mobile constituents such as technetium-99, initial analysis for them will be
restricted to selected high technetium-99 samples from wells 299-W10-24 and new well "1 which is south
ofwe11299-W l 1-23 (see Table 3.1a).
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3.5.2 Horizontal Extent

The contaminants that resulted in continued assessment at WMA T were originally detected only in
we11299-W 11-27, located at the northeast cotner of the tank farm (see Figure 3.1). A subsequent increase
in technetium-99 in well 299-W 11-23 (see Figure 2.4), starting in November 1997, may indicate this well
intercepts the contaminant plume. The initial plume fingerprint is consistent with that determined for well
299-W 11-27 (Hodges 1998).

The geometry of the plume is uncertain. Wel1299-W I 1-23 is located approximately 20 m(66 ft) east

of well 299-W l 1-27, not on a direct flow path from likely sources within the WMA. In addition, a flow

rate as slow as 0.1 m(0.3 ft) per day would have carried the contaminants approximately 100 m(328 ft)
past well 299-W11-27 in the two and a half years since their first detection, well past we11299-W 11-23.
Thus, the contaminants detected in well 299-W l 1-23 are either the result of lateral spreading of a north-

easterly trending contaminant plume or a plume that was propagating in a northeasterly direction and is

now being pushed in a more easterly direction as a result of changing groundwater flow directions.

Four additional wells will be drilled in calendar year 2000 to better define the extent of groundwater

contamination from this WMA and to evaluate the validity of forecasts based on hydrologic parameters.

This is particularly important given the aquifer heterogeneity found within the 200 West Area and

changing flow conditions resulting from declining water-table mounds.

3.5.3 Vertical Extent

A preliminary attempt to detect vertical variation of contaminants within the aquifer was made by

sampling the top of the aquifer in wel1299-W11-27, using a Kabis Sampler. Results from this sampling

were consistent with a decrease in contaminants near the top of the aquifer. An upward decrease in

contaminant concentrations near the water table in that well may also be indicated by the decrease in

contaminants sampled by the fixed pump as the water table has declined over the past several years.

The thickness of the aquifer above the basalt is about 56 m(-184 ft) beneath WMA T. Thus,

determination of the vertical distribution of contaminants is an important task, complicated by three-

dimensional variation in degree of cementation and hydraulic properties within the aquifer. The distri-

bution of contaminants with depth, in addition to indicating the volume of contaminated groundwater,

may provide important constraints on the transport mechanisms that resulted in the observed contami-

nation. The depth of penetration of contaminants into the aquifer depends on both the densities of waste

liquids reaching the water table and rate at which they arrive (relative to groundwater-flow rate). Denser

liquids would be representative of relatively unmodified tank waste, while tank waste mobilized by

surface water would tend to be more dilute and, therefore, of lower density. Denser liquids and rapid

arrivals tend to penetrate deeper into the aquifer, while low arrival rates may result in thin layers of

contaminants at the top of the aquifer.

New monitoring well 299-W 10-24 (299-W11-27 replacement) was drilled through the entire thick-

ness of the unconfined aquifer. Results from this effort indicated deeply distributed contaminants. High

nitrate was detected throughout the entire unconfined aquifer, whereas technetium-99 was the highest at
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the top and declined more rapidly with depth. Tritium and carbon tetrachloride both exhibited a subsur-

face maximum at a depth of 20 to 30 m(66 to 98 ft) below the water table. This observation suggests a

tank waste "signature" occurs in the shallower portion of the aquifer while the deeply distributed (high

nitrate) plume is of a different origin, possibly waste from the Plutonium Finishing Plant crib. This type

of information is useful to support decisions regarding corrective or remedial action.

Vertical sampling within screened intervals to examine the depth variation in the upper aquifer will be

carried out after a sufficient equilibration time has passed (2 to 3 months) to allow for recovery from any

hydraulic disturbance due to sampling or other testing. The vertical sampling, to be conducted using

either a KABIS' sampler or other suitable multi-level device, will include the collection of samples as

near the top of the aquifer as possible as well as at selected depths.

' KABIS is a registered trademark of SIBAK Industries Limited, Peoria, Illinois.
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Appendix A

Sampling and Analysis Plan

This appendix consists of a field sampling plan (FSP) and a quality assurance project plan (QAPP).

The FSP specifies the data collection activities and schedule and the QAPP includes procedures and

project controls for the activities that implement acquisition of the information needs described in

Chapter 3. Planned activities include the following tasks.

• Task-1: Well drilling, hydraulic testing, and sampling

• Task-2: Transport /spatial modeling and directional mapping

• Task-3: Quarterly sampling and analysis

• Task-4: Data evaluation and reporting

• Task-5: Project planning and direction

The tasks, schedules and estimated cost to implement this continuing groundwater quality assessment

are shown in Figure A. 1. The data collection tasks shown in Figure A.1 are based on the rationale and

discussion provided in Chapter 3. Additional background information can be found elsewhere in the main

text. The dates shown in Figure A.1 are approximate times. Actual start and end dates may shift as

detailed field work plans are prepared by the various subcontractors near the time the work is initiated.

The need to coordinate with the Tank Farm Vadose Zone Project may also alter the schedule to accom-

modate co-sampling opportunities and/or to address other information needs that may be identified during

the process to develop data quality objectives for the RCRA Facility Investigation/Corrective Measures

Study (RFl/CMS) for Waste Management Area (WMA) T.

A.1 Field Sampling Plan

Locations of existing wells and the approximate locations of the wells to be drilled in calendar year

2000 are shown in Figure A.2. Locations of planned wells to be drilled in calendar year 2001 are shown

in Figure A.3. The vadose zone portion of Well 82 (see Figure A.2) will be cored for the Tank Farm

Vadose Zone Project and will be drilled to 30.5 m(100 ft) below the water table, then back filled and

completed with a 10.7 m(35 ft) screen. Samples will be collected using a submersible pump and packer

assembly. Samples will be collected and processed in accordance with the standard groundwater sam-

pling protocol (section A.2). Details for the well drilling and characterization are included in a descrip-

tion of work that was submitted to Bechtel Hanford, Inc. by Pacific Northwest National Laboratory.

All other groundwater sampling, analysis and data handling will be conducted in accordance with

procedures described in the following section.
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A.2 Quality Assurance Project Plan

The:Hanford Groundwater Monitoring Project Quality Assurance Project Plan,^'^ hereafter referred to
as the GW-QAPP, and associated subcontractor procedures/ manuals currently in place will cover the
work activities required for conducting the WMA T groundwater quality investigation. Pacific Northwest
National Laboratory administers the project for the Richland Operations Office of the U.S. Department of
Energy, Environmental Restoration (ER) Branch.

A.2.1 Groundwater Sampling and Analysis Procedures

Sample Collection. Groundwater sampling procedures, sample collection documentation, sample
preservation and shipment, and chain-of-custody requirements are described in subcontractor operating
procedures/manuals and in the GW-QAPP. Quality requirements for sampling activities, including
requirements for procedures, containers, transport, storage, chain, of custody, and records requirements,
are specified in a statement of work to the performing subcontractor (Waste Management Technical
Services, Inc.). To ensure that samples of known quality are obtained, the subcontractor is required to
use contractor-controlled procedures based on standard methods for groundwater sampling whenever
possible. Pacific Northwest National Laboratory will review these procedures for technical quality and
consistency. In addition, periodic assessments will be performed by Pacific Northwest National Labora-
tory to further ensure that procedures are followed to maintain sample quality and integrity. A brief
description of the sampling requirements is provided below.

Samples are generally collected after three casing volumes are withdrawn or after field parameters
(pH, temperature, specific conductance, and turbidity) have sfabilized. Field parameters are measured in
a flow-through chamber. Generally, turbidities should be equal to or below 5 NTU (nephelometric
turbidity units, 1 NTU = 1 mg/L of solids) prior to sample collection. The project scientist, depending on
site-specific conditions and sampling objectives, however, could override this general requirement. For
example, collection of water during drilling necessarily involves turbid, unfiltered water, which will be
processed further in the laboratory. Thus, the 5 NTU requirement will be waived for these special water.
samples.

For routine groundwater samples, preservatives are added to the collection bottles in the laboratory
prior to their use in the field. Duplicates, trip blanks, and field equipment blanks are collected as part of
the general quality control program. The sampling and analysis methods and procedures and associated
quality control results are described in more detail in Hartman et al. (2000).

Analytical Procedures. Procedures for field measurements (pH, specific conductance, temperature,
and turbidity) are specified in the manufacturer's manual for each instmment used. The laboratory
approved for the groundwater monitoring program will operate under the requirements of current

(" The project quality assurance plan (ETD-012, Rev. 0) is available from Pacific Northwest National
Laboratory, Richland, Washington.
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laboratory contracts and will use standard laboratory procedures as listed in the SW-846 (EPA 1986)

or an alternate equivalent. Alternative procedures, when used, will meet the guidelines of SW-846,

Chapter 10. Analytical methods and quality control for the RCRA groundwater monitoring activities

are described in the GW-QAPP.

Data Storage and Retrieval. All contract analytical laboratory results are submitted by the labora-

tory in electronic form and loaded in the Hanford Environmental Information Sys tem (HEIS) database.

Parameters measured in the field either are entered into HEIS manually or through electronic transfer.

W^\
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Data from the HEIS database may be downloaded to smaller databases, for data validation, data reduc-

tion, and trend analysis. All field and laboratory hydrochemical results for this assessment will be entered

in the publicly accessible HEIS database. Hard copy data reports and field records are considered to be

the record copy of the data and are stored at Pacific Northwest National Laboratory.
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A.2.2 Hydrologic Testing

Hydraulic conductivity will be determined using slug test and tracer test procedures as specified in
PNL-MA-567 ("Aquifer Testing," PNL 1999), or the most recent revision(s) or equivalent of this docu-
ment. If procedures do not exist for particular tests, field instructions will be prepared prior to testing.
Field data and other related information will be maintained in physical files at Pacific Northwest National
Laboratory Groundwater Project Record files in Sigma V building. Hydraulic test results will be docu-
mented in a Pacific Northwest National Laboratory topical report and summarized in the assessment
report for WMA T.

A.2.3 Borehole Drilling and Testing

Bechtel Hanford, Inc, manages borehole drilling and well installation under their safety and related
job control procedures. Data needs and objectives from this assessment plan are used as input to Bechtel
Hanford, Inc. to write the detailed specifications for the drilling contracts. The drilling and sampling
activities and requirements associated with installation of a new RCRA-compliant monitoring well to
assess groundwater are specified in a Description of Work (DOW) submitted to BHI by PNNL. This
document specifies the drilling and sampling requirements to meet the RCRA groundwater assessment

project needs for WMA T, as identified in this plan. Additional requirements for special cosampling

during drilling (e.g., coring) are submitted to BHI by the requesting sponsor or project:

A.2.4 References

EPA. 1986. Test Methodsfor Evaluating Solid Waste Physical/Chemical Methods, 3'd Ed. EPA

SW-846, U.S. Environmental Protection Agency, Washington, D.C.

PNL. 1999. Procedures for Groundwater Investigations. PNL-MA-567. Pacific Northwest National

Laboratory, Richland, Washington.

Resource Conservation and Recovery Act, as amended, Public Law 94-580, 90 Stat. 2795, 42 USC 6901,
et seq.

Hartman M.J., L. F. Morasch, and W. D. Webber (eds.). 2000. Hanford Site Groundwater Monitoring
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WELL DESIGNATION

CERCLA UNIT

RCRA FACILITY

DEPTH DRILLED (OS)

MEASURED DEPTN (GS)

AVAILABLE LOGS

DATE EVALUATED

EVAL REOOMMENDATION

LISTED USE

CURRENTUSER

PUMPTYPE

MARtTENANCE

COMMENTS

NSCAN COMMEMS

SUMMARY OP WNSTRUCDDN DATA AND FlEID OBSERVATfONS
RESOURCE PROTECTION WELL - 2986WiG-22
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WELL CONSTRUCTIOM AND COMPLETION SIMIMARY

DrillinS Sasple WELL TEMPORARY
Nethod: ra6le toot Method: tlard tool na. NOMBER: 299-M10-1 WELL NO: 224-T-4
Drillirg Additives Hanford
Ftuid llsed: Vater Used: Not doccsented Coordinates: M/S N 43.550 E/W M 76.210
Driller's MA State State
Name: Boner Lie Nr: Not deeueented Coordinates: N 448.656 E 2.219.003
orill nR Cceyny Start
Coapany: Not doc:mented Location: Mot doeusented Card M: Not denmented T R S
Data Oate Etevetlon
Started: 18Jun47 Cosplete: 07Auo47 Ground surface (ft): 671.8 Estimated

Depth to water: Not doeuoented
(Grourd surface) 209.1-ft Aor92

GENERALIZED Driller-s
STRATIGRAPHY Log

^,.--I Elevation of reference point: r677.o0-ft)
(top of caain5)
Height of reference point above t 5.2-ft T
Srand surface

0»5. Ait SAND
^ Depth of surface seat RD T

10: SAND & GRAVEL; 15,17,5: GRAVEL Type of surfaee seel: None doeuaented
20: Black SAND
25,30: GRAVEL
35,40: SAND & GRAVEL I.D. of surface casing C10-in naml
45: GRAVEL, SAND & SILT (Mone documented)
49: GRAVEL & SAND
50,52,55: Black SAND
57: SAND
60,62: SAND & GRAVEL
65: Coarse SAND and SILT
70,75: SAND i SILT .------^ I.D. of riser pipe: C 8-in )
80-105: SAND d CLAY Type of riser pipe:
110: Coarse SAND & CLAY Carbon steel
112-140: SAND, CLAY
142: GRAVEL & CLAY .-j Diameter of borehote: C 9-in :ws1
145,150: GRAVEL
155: SAND i GRAVEL .--^ Type of filter:
160,163: GRAVEL Not doeumnted
165,170: SAND and GRAVEL ^
180,185: SAND & GRAVEL ElavatioNdepth top of wal
190: CLAY, SAND i GRAVEL Type of seel: NOt documented
195: SAND It GRAVEL
200: SILT, SAND
205: SAND & GRAVEL
210: Coarse SAND, GRAVEL
215,220: SAND & GRAVEL ^ Depth top of perforations: C 190-ft )
.225»255: CLAY, SAND, GRAVEL ^ Deseriptian of perforationa:
260: SAND & GRAVEL Orininel not doeunented
265-270: CLAY, SAND, GRAVEL 14«i5Mav48. not dotusented
275: SAND i GRAVEL 04Seo56. 190»270-ft.^3ho^esft/rd
280: SAND
285: GRAVEL
290.293: SAND
295,297.5: SAND L GRAVEL
300: SILT, SAND i GRAVEL
303: SILT
305,306: SAMO & GRAVEL

I Depth bottom of perforations: [ 270-ft )

Depth bottom of casing

Depth bottom of horehole: C 305-ft )

Drawin6 By: RKL/2M10-01.AS8 Dete: 1611

Reference: HANFORD WELLS
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W10-1

IELL DESIGNATION . 299-W0-1
CERCI.A LRLIT 200 Aggregate Area Nanpesent Study
RCRA FACILITY Not applicsble
NANFORD COORDINATES N 43,550.5 N 76,210.1 R00W-11SeP903
LAMBERT COORDINATES N 448,656 E 2,219,003 LNANCONY)
DATE DRILLED AU247
DEPTH DRILLED ( GS) 305-ft
NEASINIED DEPTH ( GS) Not dccumtd
DEPTH TO W1TER (GS) Not doc:aentd;

209.1-ft, 01Apr92
CAGING DIAMETER 8-in carbon steal, *5.230-ft;
ELEV TOP CASING : 672.01-ft, (200N-115ep90) (-677.0-ft by 5-ft extension)
ELEV GROIAID SURFACE 671.8-ft, Estisrted
PERFORATED INTERVAL : 8-in casing, 190»270-ft
SCREENED INTERVAL Not applicable
COMNENTS FIELD INSPECTIqI 01Apr9Z

8-in carban steet casTro. Extended to 5.2-ft stick:y.
No Psd, No Posts, capped, not Locked.
No perssnent identification.
OTNER:

AVAILABLE LOGS DriLLer
TV SCAN COMMENTS Not a{plicaEle
DATE EVALWTED Not appliesble
EVAL RECOMMENDATION Not appllesbls
LISTED USE Water Levels 300ee48•06JmA1

PNL Amwl, VHC Owrterly water sasples
PINm TYPE . None doas:cntd
MAINTENANCE 16Jan92 - Exterdd casing 5-ft, Lock & hasp installed.
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I VELL CONSTRUCTION AND CDNPLETIqI SIRMURY I

DrillinB Sasple WELL TENFORARY
Method: Cable toot Method: Nard toot nom NVi1BER: 299-V10-4 WELL N0: 241-T-16
Drilling Additives Hanford
Fluid Used: Water Used: Not documented Coordinetes: N/S M43_ 4_..;36 E/Y 1^7 ^^
Driller's
Mama:

t(11 State
Lie Nr: Not documented

State MADS3 M
Coordinates: N

, ^ 5
^36 58.2 m E 35 98s

448.143 E 2.219.247
Drill nq Cospsny Start
Cotpany: Not documented Location: Not docttacnted Card f: Not documen ted T R S
Date Date Elevation

_ -

Started: 140et52 Complete: 10Nov52 Ground surface CfU:669.78 Brass ca0

Depth to water: 200-ft Seo56
(Ground surfaee)206.6-ft Jan92

GENERALIZED Driller's
STRATIGRAPHY LeS

0»10: SAND, SILT and GRAVEL
10•20: Pure GRAVEL, caves easy
20•29: Coarse GRAVEL
29•35 BCULDERS and GRAVEL
35"47: Coarse GRAVEL
47-54: GRAVEL
54-65: GRAVEL, SAND and SILT
65»70: SAND and SILT
70•88: SAND and a little SILT
88W0: Pure SAMO, caved
90»100: SAND, SILT and CLAY
100»110: CALICHE, SAID and SILT
110"115: SAND and SILT
115"125: SAID, SILT and CLAY
125•131: SAND and SILT
131+132: Pure SAND, caves aasy
132+135: Coarse GRAVEL
135»140: BOULDERS and GRAVEL
140»150: GRAVEL and SAND
150+159: SAND and GRAVEL
159+165: Coarse GRAVEL and SAIm
165-175: GRAVEL and BOULDERS
175«180: GRAVEL and SAND
180»190: Coarse GRAVEL with a little

SAND and SILT
190-205: GRAYEL, SAND and SILT
205•225: SAND, SILT, and GRAVEL
225•230: Coarse GRAVEL, SAND and SILT
230»235: Coarse SAND
235"240: Pea GRAVEL
240"245: GRAVEL

REMEDIATION; 04«05Sep56
Yall-Richarok
Perforated 190"200-ft
Well was "hot." Required
RM coverage

-= Elevation of reference point: C670.67-ftl
(top of casing)

^ Beig:t of reference point abow [ 0.89-ft I
r Sround surfaoe
^

^ Depth of surface seal C ND 1

Type of surface seal: None doamented

I.D. of surface casing 1C 0_in ewN
(21.5-ft starter pipe
assumed pulled)

f I.D. of riser pipe: C 8-in T
Type of riser pipe:
Carbon steel

^` Diaseter of l»rehole: C 9-(n no

j Type of filler:
Not documented

` Elevation/depth top of seat
Type of seal• Not dacunented

Depth top of perforations: C 190-ft I
Description of perforstions:
140»200-ft. 3 holes/ft/rd
200»245-ft. not documented

Depth bottom of perforations:
Depth bottom of easinp: C 245-ft 1
Depth bottom of borehole:

Drawing BY: $k:L/2V10-04.ASB Date: 1611er93

Reference: NANFORD WELLS
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W1O-4

WELL DESIGNATION 299-1010-i
CERCLA UNIT 200 ^^ate Arm NwSmmt Study

ACIIITY 1XCRA sppliwble
NANFORD CODRDINATES N 43,076.3 N 75,976.7 1200N-119aP90)
LANSERT ODDRDINATES N 445,743 E 2,219,247 (NANCONVI

M 136,575.25w E 566,734.93m DNW83-TLSsp9D)
DATE DRILLED : NeV32
DEPTH DRILLED (SS) ZiS-ft
NEASIStED DEPTH (SS) = Not duusrnted
DEPTH TO WATER (64) 200-ft, Sep56;

206.6-ft, Jr:92
CASING DIANETER : 8-in carbon stml, 40.59•265-ft)
ELEV TOP CASING 670.61-ft L200N-71SeP901
ELEV SROUID SURFACE :
PERFORATED INTERVAL ¢

669.76-ft, Rrsas up (ZDOi-1TSep9O)
R-in usin9, 190»RS-ft

SCREENED INTERVAL Not appllcable
CQMENTS FIELD INSPECTION, 21Jan92,

a-in carbon stesl eminD.
2-ft psd, No posts, esppad and locked.
Nrms sep Wldantifiution in pd.
Not In radiation zone.
OTNER:

AVAILARLE LOGS Driller
TV SCAN CqMENTS Not applicable
DATE EVALlN1TED : Not appliabls
EVAL RECdM11ENDATION Not spplieable
LISTED USE Wster Lsvels 17Dac52e02duNl

PNL Annowl, Sfqisnnusl, NNC Smians:el rater smple schedule
PUNP TYPE Electric su{arstble
MAINTENANCE
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I WELL COIiSTRUCTION AND COMPLETIDN SLMDIRY

Drilltng Sasple WELL TEMPORARY -^
Method: Cable toot Method: Hard tool (nae) NONBER: 299-N10-8 . WELL NO: 2997
Drilling Additives Hanford
Fluid Used: Water lhed: Not docueented Coordinetes: N/8 N R, 800 .2

^ NDriller's W State State NA083 N. 36,^ 811 .3m 566,86 .
Naoe: Evsrm/Oiohea Lie Nr: Biehaer0036 Coordinates: N G48_908 E 2_219.613
Drill ro Caipany Start
Coapany: Nateh Location: _Paseo. N11 Card l: Not doeumented T R S

-Date Date Elevation -
Startad: 14JUn73 Complete: _27An73 GrouM surface (ft): 677.2 Estimated

Depth to water:_214
f_

ft.. 6M(Ground surfeee ) 1 e r9S

GENERALIZED Geologist's
STRATIGRAPHY Log

0q5: Gravelly, silty SAND
5»49: Gravelly, sandy SILT
49«60: Silty, gravelly SAND
60ft65: Sandy GRAVEL
65"80: Silty SAND
80M3: Clayey, sandy SILT
83«85: SAND
85«95: Clayey, sandy SILT
95»125: Sandy CALICNE
125+138: Smdy SILT
138»148: Sandy. silty GRAVEL
148«168: Silty, sandy CLAY
168»175: Sandy, gravelly SILT
168»185: Silty, sandy GRAVEL
185«235: Silty, gravelly SAND
235-240: Silty SAND
240+252: Very silty SAND

Elevation of reference point: 1680.05-ftT
(top of casing)

1 Height of referenee point above l 2.83-ft ]
^ gra++d surface

- i Depth of surface seal I MD 1

Type of surface sesl: Mone doeuntnted

I.D. of surface casing
(If present)

I.D. of riser pipe:
Type of riser pipe:
Carbon steel

Diameter of borehole:

Type of filler:
Not docunented

Depth bottom of casing:
Casing pulled baek from
total depth

G
G

i
^

i

Screen 40-ft of 010 slot
from 205'»251-ft, screened
interval assumed 211-251-ft

Depth bottom of borehole

Drawing By: RKL/2N10-08.AS8 Date: 16AOr95

Reference: HANFORD WELLS

( ND 1

L 6-in )

I 7-in namt

I 210-ft I
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-WIO-B

iR,LL DESIGNATION 299-Ot0-S
CERCLA UNIT 200 ApyraDate Area ilana9essnt Study
RGNi FACILITY Sin9le Shell Tanks
NANFORD COORDINATES N 63,800.2 W 75,600.1 E200W-11Sep90)
LAMBERT COORDINATES N 645,905 E 2,219,613 TNANCONVI

N 176,S11.Ie E 566,819.2m INADB3-11Sep90I
DATE DRILLED Jun73
DEPTH DRILLED ( SS) 252.0-ft
iIEASIIRED DEPTH ( GS) Not donawrtd
DEPTH TO Y44T1iR ( GS) : 214-ft, Jun73;

215.5-ft, 261rr93
CASING DIAMETER 6-in carbon steel, +2.53-210-ft,

(Pullerd badc from total depth)
EIEV TOP CASING 650.05-tt. 1200N-115p901
ELEY DROUND SURFACE : 677.2-ft, Eattirtad
PERFORATED INTERVAL Not sPpifcabla
SCREENED INTERVAL 211e251-ft telesc6pin5
fAtMiIEMTS FIELD INSPECTION 09Feb90,

6-fn carbon St«l caa in9 .ae ^ed
t lor.ksd.

p ^tNo iNrnt i tlficationden
In radiation sone.
OTNER:

AVAILABLE LOGS Driller
TV SfJW CqMENTS s Not spplicable
DATE EVALUATED Not applieaDle
EVAL RECOiMENDATION : Not sppllcable
LISTED USE saT Monthly water lenl srwururrt, 15Ju174%26Nar93;

PNL Annusl, Ssnfarnwt, NNC Suuiannwl wtar sampla schedule
PIRD TYPE Electric subwrsfble
MAINTENANCE
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I WELL CDNSTRLLCTIDN AND COMPLETIDN SURLARY -1

Drillirq Saapte
Method: Cable toot Method: Hard tool (nom)
DrillJng Additives
Fluid Used: Water Used: Not doe:nented
Dritler's WA State
Namee Evans lie Mr: Not doe:eented
Drilling Cospsny
Cospa:ry: . Not doeummted Loutfon: Not doeuntnted
Date Date
Started: _ 28Jan74 Cosplete: 14Jun74

Depth to water: 206- Jun74
(Ground surface) 10

GENERALIZED Driller's
STRATIGNAPHY Log

0018: BAND, PEBBLES and COBBLES
18+82: SAMD, COBBLES, PEBBLES, SILT
82-90: SAND and SILT
90»113: CALICNE
113-135: SILT
135W65: SAND, COBBLES, PEBBLES, SILT
165-170: No record
170«220: SAND, GRAVEL and SILT
220-240: Ringold (SAND, GRAVEL and SILT)
240'.250: SAND, COBBLES, PEBBLES and SILT

WELL TEMPORARY
NUMBER: 299-W10-12 WELL NOc
Manford
Coordinates: N/S N 43 756 EN Y 906
State LuD83 136, .6 m '90a
Coordinates: M 448.863 E 2.219.307
Start
Card /: Not doamented T R B
Elevation
Ground surface (ft): 672.0 Estiseted

-^ Elavation of reference point: (674 75-ft1
(top of casing)
Nefght of reference point above [ 2.8-ft )
grourd surface

j
- ^ Depth of surface seal [ ND )

Type of surface seal: None donmented

I.D. of surface casing [ ND )
(If present)

I.O. of riser pipe: [ 6-in )_
Type of riser pipe:
Carbon steel

Diameter of borehole: [ 7-in npsl

Type of filler:
Not docunented

Depth top of perforations: ( 1%-ft 1
Description of perforations:
196+248-ft. 6 cuts/rd. 2 rds/ft

Depth bottom of perforations: [ 248-ft )

Depth bottom of casing: 25L0-ft )
Depth bottom of Lwrehole: [ 250-ft )

Drawing By: RKL/2W0-12.ASB Date: 16Aor93

Reference: HANFORD WELLS
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SUMNARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W10-12

NELL OESIONATION. 299-1810-12
CERCLA UNIT 2D0 ASSreyate Area Nanspuwrt Study
RCRA FACILITY Single Shell TaNcs
HANFORD COORDIN11TE5 N 43,756.2 N 75,906.3 [200N-11Sq,901
LANEERT COORDINATES : N 446,E63 E 2,219,307 .[RANCONVI

N 136,797.67e E 566,755.900 DDID83-118eP901
DATE DRILLED JM74
DEPTH DRILLED COS) : 250-ft
NERSIRED DEPTH (GS) : Not doaeented
DEPTH TO iMTER (OS) : 206-ft, Jun74;

210.0-ft, 269ar93
CASINS DIARSTER z 6-In carbon steel, *2.8+250-ftp
RLEV TOP CASINO 675.00-ft,
ELEV GOUID SUtFACE : 672.0-ft Estinted
PERFORATED INTERVAL s 6-In casinS, 196»2AE-ft
SCREENED INTERVAL Not applicable
CONNENTS . FIELD INSPECTtON, 01FeN90,

6-in carbon steel casing. Ceppad, not lacked
No pad, pwts or per.rnrnt identificatiun.
Not In radiation zane.
OTHER:

AVAILABLE LOBS Driller
TV SCAN CONNENTS . Not'applicable
DATE EVALWTED Not appliesble
EVAL RECONMEYDATION : Not applicable
LISTED USE . SST NontAlV water lewl masuranent, 11Apr90•2614er93;

Not on water sayle schedule
PIMP TYPE None
IDIINTENANCE
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I WELL CDNSTRUCTION AW CCMPLETIdi SUMARY

DriltinD Saryle Drive barrel WELL TEMPORARY
Method: Cabl2

512
ol Method: Nard tool NUMBER: 299-410-15 WELL NO: None

DrillinG 200 N Water Additives Manford
Fluid Used: Suoolv Used: Not doeusented Coordinates: N/S y3T90^7 E/W V 75 857.5
Driller-s WA State State NAD83 N 136,^808. m E
NaMe: . V lnnl L1e Nr: Not doeusented Coordinates: N 448_898 E 2.219.355
DriLl nG Coaqny Start
Coapeny: Kaiser Enoineers Locatian: _Nanford Card i: Not docunented T R S
Date Date

_ _
Elevatian

Started: .20Seo89 Coopletel 07Bov89 Ground surface (ft): 672.45 (Brass cao)

Depth to water: 06-;ov89
(Gravd surface) 210.6- t 26Mar97

GENERALIZED Geolosist-s
STRATIGRAPHY Log
SlntiGhtly

Elevation of reference point: [675.64-f0
Ctop of casing)
Height of reference point ahove C 3.19-ft )
Brand surface

Depth of surface seal
0+10: Muddy SAND
10»15: Sl Bravelly at saddy SAND
15•25: Sandy GRAVEL
25»30: SAND with MUD layers
35-40: Sandy GRAVEL
40»65: GRAVEL
65•50: Muddy sandy GRAVEL
50•60: Seldy GRAVEL
6043: Gravelly SAND
73»75: Muddy fine SAND (Lawfnstec
75-80: Gravelly SAND
80-93: Muddy SAND (ealeareous)
93«96: CALICHE
94-96: Muddy SAND
96»132: CALICNE-ealeareous oesent

s:ddy SAND
132•180: Muddy sandy GRAVEL
180»185: Sandy GRAVEL
185W90: Gravelly SAND
190»222.3: Sandy GRAVEL

Drawing By: RKL/2V10-15.AS2 Oate: 16AOr93

Referenee: VNC-MR-0209

rype of surfeee sesl:Pre- i conc rete
4sb-ft a 6-in surfee -e Fad to 2.
b eauid9stant orotect:ve posts
Cene^nt grout. 2.0•19:6-ft

I.D. of riser pipe:
Type of riser pipe:
Stainless steel

Diameter of borehole,
0-140.0-ft, 11-in nominal
140.0»222.3-ft, 9-in nominel

Type of filler, 19.6-72.3 & 140.8-193.3-ft

80
nesh lx:ntonite crusbles

72.3-140.8-ft
Voletev Pure Oold slurrv

Depth top of seal: C 193.3-ftT
Type of sesl:
5/8-in Vclclav oetlets

Depth top of sand pack: 197.1-ftl
20•60-sesh silica sand

Depth top of screen: ( 201.0-ft)
b-in - ot a ain ess eel
w th chamel oack

Depth bottom of screen

Depth to bottom of horehole:

I 222.0-ft)

[ 222.3-ft)

B.13



SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W10-15

WELL DESISNATION t 299-Y10-15
CERCLA 1017 20D ANSreeste Area Nsnnspasent Studj
RCRA FACILITY Sinyle Shell Tsnhs
MANFdtD WpDINATES : N 43,790.7 M 75,857.5 i200W-12Jan90]
LAI®ERT COqIDINATES : N 44a,898 E 2,219,355 OWICONV]

M 136,808.3)N E 566,770.69s iNM87-12Jan90]
DATE DRILLED I NovW
DEPTH DRILLED (GS) : 222.3-ft
MEASURED DEPTH ( GS) : Not doc:aentad
DEPTH TO WATER ( OS) I 206.2-ft, Mov90;

210.6-ft, 26NSr93
CASING DIAMETER e 4-1n stainless stsel, -N.0e201.0-ft;

6-1n stainless steel, *3.19»"0.S-ft
ELEV TOP GSINO 675.64-ft, R00M-12JaiN01
ELEV OIIDlNID SURFACE 3 672.45-ft, Rrass cap (ZODW12Jen90]
PERFORATED INTERVAL n Notappllcable
SCREENED INTERVAL 201.00222.0-ft, 4-in #10-slot stainless steel, with channel pack
OOISEMTS FIELD INSPECTION, 02Feh90;

6-In stsinless steel epine. 4-ft by 4-ft cencrete psd, 4 posts, 1 removable
capped and locked, brass cap In pW with wll 10.
Not in radiation me. . ,
OTHER:

AVAILASLE LOSS I Geolopist, driller
TV SC11N OOIMENTS I Not applicable
DATE EVALUATED Not applicsble
EVAL RECqNffiDATION Not applicable
LISTED USE . SET Monthly water level wusureeent, 01Dee69+26Rar93;

Not an water sample schadule
PNP TYPE . Hydrostar
MAINTENANCE
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I WELL CONSTRUCTION AND COMPLETION SIBBNIRY I

Drillirq Saeple Drive barrel WELL TEMPORARY
Method: Cahle tool Method: Nard tool NUIBER: 299-V10-16 NELL N0: None
Oritting 200 N Water Additives Nanfond
Fluid llsed: Suoolv lheed: Not doelmented Courdinates:.N/S N 43 129.6 E/N V 4.
Driller's M11 State State MAD83 N W.M.66E ,781. 2e
Naar•: _D. Geroia/G. Lvdln Lic Mr: Not doc:aented Coordinates: N 448.237 E 2.219.390
Drill nB Copeny Btart
Company: Kaiser Engineers Location: Nenford Card !: Not dooonented T_ R S
Date Date

_
Elevatian

Started: 075eo89 Coxplete: . 250et89 Ground surface (fU: 669.76 (erass eac)

Depth to Nater:3Q -,QQ
(Ground surfece) 207.5-ft 26Nar93

GENERALIZED Geologist's
STRATIGRAPHY Log
Sl•slightly

Elevation of reference point: [672.76-ft]
(top of casing)
Neight of reference point above [ 3.0-ft )
ground surface

Depth of surface sesl [2.1«18.1-ft]
0»10: SAND
10»15: Muddy SAND
15»20: Muddy sandy GRAVEL
20+25: GRAVEL
25»30: Muddy sandy GRAVEL
30»50: GRAVEL
50+55: Muddy sandy GRAVEL
55.«60: St grevelly SAND
60-65: Gravelly suddy SAND
65»70: St gravelly SAND
70-80: 51111D
80-85: Sl gravelly SAND
85«90: Muddy SAND
90"95: Sandy MW (Buried soilT)
95«100: 8l gravelly aasidy SAND

s/CALICNE
100"110: Gravelty asxkiy SAND

(15ppnt VOC in spoils B 1(
110-125: Sandy MtA
125»130: St muddy SAND
130-435: Sandy GRAVEL
135M40: Muddy sandy GRAVEL
140+145: Sandy GRAVEL
145»160: Muddy sandy GRAVEL
160-170: Sandy GRAVEL
170-175; Muddy sandy GRAVEL
175«190: Sandy GRAVEL
190-200: Muddy sandy GRAVEL
200-219.8: Sandy GRAVEL

Draeing By: RKL/2Y10-16.AS8 Date: 1611 r93

Reference: NNC-MR-0209

Type of surface seal: Pre-wix concrete
4x4-ft x 6-in surfeee oed to 2.4-ft
4id:- rotective
Cement orout. 2 .1»18.1-ft

I.D. of riser pipe:

posts

C 4-in ]
Type of riser pipe:
Stein(ess ateel

Diameter of borehole,
0»132.9-ft, ti-in noninal
132.9»219.8-ft, 9-in nosinsl

Type of fitler, 18.1»191.4-ft
8»20 aarsh bentonite enables

Depth top of seat: [ 19t.4-ftl
Type of seal:
3/8-in VolelaV oellets

Depth top of sand pack: C 195.4-ft]
20"40-mesh silice send

Depth top of screen: C 198.3-ft]
4-in. l10-slot. stainless steel
rith ehannel oack

Depth bottom of screen

Depth to bottom of borehole:

[ 219.3-ft]

C 219.B-ft]
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W10-16

NELL DESIfR111T10N t 299-N10-16
CERCLA UIIT 200 Assrepste Area Mrrpsrnt Study
RCRA FACILITY s Sipls SMII TWu
SANFOIN COORDINATES : N ii,129.6 N 75,E26.6 [200N-12Jsn90
LAMSERT COORDINATES N{i8,237 E 2,219,390 [NANCONV)

M 136,606.E611 E 566,781.22e tNAD83-12Jen90)
DATE DRILLEDt Oct89
DEPTN DRILLED (OS) t 219.5-ft
NEASORED DEPTH (OS) t Not deeusr:ttl
OEPTS TO WATER (GS) : 202.9-ft, Oot90;

207.5-ft. 26Nsr93
CASIN6 DIAMETER t

^0'0
ft,

6-in tinteu steol^ +3 S-t
ELEV TOP CASINO = 672.76-ft, [20061-12Jr:90)
ELkY ORDIIW SURFACE s 669.76-ft. Srsss cap I20011-12Jan90)
PERFORATED INTERVAL : Not spplieshte
SOtEFJED INTERVAL 198.3r219.3-ft, <-in 010-slot stdnless stest, with ehsnrt pack
fAqffNTS . FIELD INSPECTION, 02F4b90

6-in stsinlen stat essiro- 4-ft by 4-ft eoncrete pad, 4 posts, I nswvsble
In pad with wlt 10.and

n^
cap

ss l ^^nNo radiation ieit0T116R:
AVAILASLE LOGS GsoloSist, dritler
TV SGN COISENTS : Not applieWle
DATE EVALLqTED : Not applicable
EVAL RECOINEiOATION t Not spptieshle
LISTED USE t SST Nonthly water Level sessuruent, OlDae89•26NSr93;

Not on water >Mple ScMdule
PUV TYPE Nydrostor
NAINTENANCE
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I NELL COIISTRUCTIDN AND COImLETIDN SLIMARY -- -^

Drilling Saaple WELL TEMPORARY
Method: Cable toot Method: .Nard tool no, NUIBER: 299-V11-7 NELL NO: 361-T-19
DrillinB Additives Hanford
Fluid used. Water Used: Not doeuaented Coordinates: N/S N 43.350 EN N 74.251
Driller's WA State State
Nasex o: : Lie Mr:-Not docuiented Coordinstea: N 448.461 E 2.220.963
Dritt i nj- Coapany Start
Canpany: Not docranented Looatfan: Not decumnted Card f: Not doeuaented T_ R_ S
Date Date Elevation
Started: 23JU151 Cosplete: 17Seo51 Gravd surface ( ft): 708.1 Estiaisted

Depth to rater: 267-ft Scy5I
(Ground surfsce) t eDec

GENERALIZED Driller's
STRATIGRAPHY Log

0•6: GRAVEL and TOPSOIL
6•9: BOULDER (4-ft thick)
9+1S: GRAVEL, black SAND
15«33: SAND ad GRAVEL, no SILT
33«58: GRAVEL and black and white SAND

layers of SILT
58+70: SARO
70-75: SAND and a showing of SILT
75-85: SAND and more SILT
85M0S: SAND and fine GRAVEL,

very little SILT
105-130: Heavy SILT bed
130•139: Heavy CALICNE bed with

fine GRAVEL and SAND
139+145: GRAVEL, SAND & very little SILT
145W53: SAND and very Little SILT
153+160: Sandy SILT
160+165: GRAVEL and SILT
165«178: Pure GRAVEL, no SILT
178»182: Pure fine basalt SAND & GRAVEL
182-187: SAND and GRAYEL, soee binder
187-195: GRAVEL, SAND and some binder
195-197: GRAVEL and SANO, eaves
197207: GRAVEL, SAND and smee SILT
2070218: GRAVEL, SAND and some binder
218-254: GRAVEL, SAND and SILT
254P259: GRAVEL and SANO, no SILT
2590260: Coarse GRAVEL
260•277: GRAVEL, SAND and SILT

(Hit water at 260-ft, rose to
251-ft, possible perched)

277»280: SAND, caves
230»284: GRAVEL, SAND and SILT
284"286: GRAVEL, caves
286•295: GRAVEL, SAND and SILT
295»297: White SAND
297-310: Nhite Send, GRAVEL and SILT
310.315: GRAVEL, SAND and SILT
315 x Good water GRAVEL

-^ Elevation of reference point: C709.11-ft1
(top of easinB)
Beisht of reference point abeve ( 1.0-ft 1

r Rroud surface

• ^ Depth of surface seal l RD I

Type of surface seal:NOne doaanented

I.D. of surface casing LNp 1
(None docusented)

I.D. of riser pipe: ( 8-in )
Type of riser pipe:
Carbon steel

Diaweter of boreholex l 9-in nael

Type of filler:
Not docunented

Elevation/depth top of seat
Type of seel: Not docunented

Depth top of perforations: I_245-ft I
Deseription of perforetions:
245-290-ft. 4 holes/ft

Depth bottom of perforations: l 290-ft 1

Depth bottont of casinB:.

Drawing By: RKL/2Y11-07.ASB Date: 16Aor93

Reference: RIINFORD WELLS

^j Depth botton of borehole

l 310.5-ft1

( 315-ft 1
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W11-7

WELL DESIGNATION 299-W1-7.
CERCLA UMIT = 200 AeereSSh Area Nwesent Stsdy
RCSA PACILITY : Not appliubls
NAMWRD COORDINATES M 43,350 W 76,251
LAMOERT COORDIMATES z

N
44S,i61 E 2,220,963

DATE DRILLED SsP61
DEPTN DRILLEO (Gi) 315-ft
NEASIRtta DEPTN ( OS) s Not dosztzrKad
DEPTN TO WATER (GS) 267-ft, SzpT1;

247.4-ft, OEDSZfl2
GSINO DIAMETER S-in eMrben stMSl, +1.0•310.5-ft;
ELEV TOP tJ1RIM0 709.11-ft
ELEV SRqRW SLEtFACE = 708.1-ft, Estiartsd
PERFORATED INTERVAL = E-1n cwin8 2<5•290-ft
SCREEMED INTERVAL Not applits^ls
CGNNENTS FIELD INSPECTION 13Mry91,

E-in esrbcn sta[ eastne.
No Psd, No posts, espDSd and locked.
No psrzrzwnt identifl^utian.
In radiation tqr.
OTNER:

AVAILASLE LOGS Drillsr
TV SWI OONMENTS Not applicsbls
DATE EVALWTED Not qPllra6ls
EVAL RECOMIEMDATION : Not applitsDls
LISTED USE Sspsrstianz area Sesiamwl water lwel srssurwent, 14SaF61+08Dac92

PNL Sawirrusl, NNC Quarterly water ssopls szhaAsle
PUNP TYPE None zloaeented
MAINTENANCE
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I NELL CONSTRUCTiON AND COMPLETI011 SUMARY I

DrillinN Snyle WELL TEMPORARY
Method: Cable toot Method: Nerd tool tneN) NWBER: _299-N1i-12 NELL N0: 241-T-18
Drilline Additives Hanford
Fluid Used: Not doeumented Used: Not daeuetnted Coordinates: N/S N 431119s3 E/N N 75 345 9
Driller's WA State State NAD83 N -M-6,04.01e E 566,927.
Naee: Gentz Lic Nr: Not docurtnted Coordinates: N 448.206 E 2.219.875
DrilllnD Coepxry Start '
Ccapany: Not dacunmted Location: Not doeu:ented Card /: Not dotuaented T R S
Date Date Elevation

_ _

Started: 02Feb53 Caaplete: 21Dec53 Ground surface ( ft):_678.5 Estimated

Depth to water: 10-f 8 6
(Grourd surface)216.6-ft 4 e

GENERALIZED Driller's
STRATIGRAPHY Log

Elevation of referenee point: [679.26-ftl
(top of oasirq)

^ Height of reference point above ( 0.8-ft )
^ Brourd surface
z

^ Da th of su f l SD ]
'$: Fine SAND0

p r ace sea [

8-30: Coarse GRAVEL and fine SAND Type of surface seeal: None docurcnted
30'45: Fine SAND
45'55: Fine and coarse SAND
55«70: Fine SAND I.D. of surface casing [ ND I
70•80: Fina and coarse SAND (If present)
80•95: Fine and coarse SAND,

little SILT
95'N03: SAND and SILT
103»127: SAND and SILT. CALICHE

ard GRAVEL
127e135: GRAVEAL, COBBLES, SAND ^-^ I.D. of riser pipe: [ 8-in I
135»145: BWLDERS and GRAVEL, Type of riser pipe:

little SAND Carbon steel
145»185: COBBLES and GRAVEL

with some SAND Diameter of borehole: [ 9-in nom)
185+195: GRAVEL and SAND
195"200: GRAVEL, Little SILT I Type of fitter:
200-245: GRA9EL, SAND and SILT Not doeunented
245 : GRAVEL and SAND
245-250: Not documented

[ 200-ft 1of
i

D epth
^ ,scripDetion ofperfora

REMEDtATION: Sep56, by Nall/Richards 201M210-ft. not donanented
Clened out and perforated 210»2 0-fts not donmented
200•210-ft.

Depth bottan of perforations: 25[0-ft_]
Depth bottos of easing: [20-^ft-l
Depth bottaa of trorehole: [ 250-ft 1

Drewin3 By: RKL/2N11-12.ASB Date: 16AOr43

Reference: HANFORD WELLS
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SUMMARY OF CONSTRUCTION DATA ARD FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W11-12

WELL DESISONTItN t 299-Nti-12
CERCLA UNIT s 200 ASSreS
RCRA FACILITY s Not upplle
IYJIFDSD CDDRDINATES t Ni3.119:
LANtERT t9011DIRATE4 x N 448,206

DATE DRILLED
DEPTH DRILLED (DS)
HEASURED DEPTH (GS)
DEPTH TO tNTER tSS)

CJISIND DIANETER x
ELEV TcP GS)N6 x
ELEV tYld11S1 x
PERFDRATm INTERVAL t
S17tEE1ND INTERVAL s
CDNIENTS

AVAILAIIE LOGS
TV SC11R CANIESTS

Are NsessStrtxt StWj

N 75,743.9 1200N-11SeP901
E 2,219,ET5 INNRDYVI
E 566,927.14M INADST-11S0090)

NSPECTIpI 06NSt90,
r6ox1 steeI easixi. Not capped or locked.
Posts or perrxwnt identifltation.
rodistlon amn.

7-tt, bottom silty.
3 or 4/rd.

DATE EVALUATED
EVAL RECqMENDATIDM
LISTED USE

Pxl4P TYPE
exAINTENANCE

Not epplitable
Spsretioxr area Sexirrnal tuter lml oesuremmt, 22Jan54•06DSC92
Not on rter srsple sehoxkxle
None tluesrnted
26APr90 - Instsllsxl cap at loak.
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I VELL CONSTRUCTION AND COMPLETIGN SWBMIRY

DrillinB Saaple VELL
.

TEMPORARY
Method: Cable toot Nethod: Nerd teot (nom) NUNBER: 299-V11-23 WELL N0:
DrillinB, Additives Manford
Fluid Used: Vater Used: Not doe:nented Coordineteat N/S N 43766•8 EN V 715 , 11 5. 2
Driller's VA State State RAO83 N 136, .f^ 566,905.330
Nese:_Ewna/Bioham Lie Nr: Biohas-0036 Coordinates: N 448.874 E 2.219.797
Drill rg Cospuy Start
Coeqny: Natch Location: Pasao. VA Card r:Not donmented T_ R_ S
Date Date Elevation
Startedt 2BJun73 Coaplete: 14Ju173 Ground surface (ft): 685.0 Estioated

Depth to rater: 15 ^ftJu173
( Ground surface)223.7-ft26Nar95

GENERALIZED Driller's
STRATIGRAPHY Log

0•6: COBBLES, GRAVEL L SAND
6«20: COBBLES, GRAVEL i SAND with SILT
20»25: COBBLES, GRAVEL i SAID
25»45: COBBLES, GRAVEL i SAND with SILT
45•50: GRAVEL B SAND
50-66: SAND

66: Layer of SILT (ThisW:ess ND)
66»90: SAND
90-100: SILT
100»108: SAND i SILT
108W20: CALICNE
120-126: SILT
126d55: GRAVEL, SAND & SILT
155•160: SAND i GRAVEL
160-165: GRAVEL, SAND & SILT
165»226: Ringotd
226•230: SAND & GRAVEL
230»278: Rineold
236.244: SAND i GRAVEL
244-252: SAND i SILT with some GRAVEL

-{ Elevation of reference point: L685.42-ft)
(top of oasinB)j
NeiBht of reference point ahove [ 0.4-ft )

^ Brmsd surface
^
- ^ Depth of surface seal t ND 1

Type of surface aeal: None daeunentM

I.D. of surface easinB
(If present)

I.D. of rfser pipe:
Type of riser pipe:
Carlon steel

Diameter of larehole:

Type of fitter:
Not decuee»ted

Depth top of perforations:
Description of perforations:
200..212-ft. 1 cut/ft
212»223-ft. 2 tuts/ft
223»227-ft rwne
22 «2 0-ft. 2 cuts/ t

C 7-in nanl

L 200-ft 1

Depth bottom of perforations: ( 240-ft )
Depth bottom of casinB: i 240-ft )

Depth bottom of borehole: L 252-ft

Drawing By: RKL/2V11-23.AS8 Date: 16A

Reference: HANFORD WELLS
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SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-WII-23

NELL DESItlDITIDN 2
CERttn UNIT
ROIU FACILITY
NAMFORO CDORDINATES i
LAMEERT COOMDINATES :

DATE DRIU.lD
DEFTN DRILLm (OT) i
IIEASURED DEPTM (GS)
DEATM TO WATER (GS) t

299-1111-23
200 ASDrapte Ans N.nyrnt Study
Sirolo EDoll Tanks
N 43,766.E N 75,415.9 I200N-115sp903
M 6i6,874 E 2,219,797 INANCOMV]
M 136,E01.27o E 566,90537. [MAD5S3-11Sep9l11
Ju173
252-ft
Not docuwtntad
215.S-ft, Jul73;

CASING DIAMETER t 6-tn e.r6on stal, *G.i•2A0dtp
ELEV TOP CASINS r 60.42-ft, C200N-11Sep90]
ELEV SRGIMID SIMIFACE : 665.0-ft Estirtd

IPERFOMTED INTERVAL 6-tn en ro. 2004AD-ft
SCREENED INTERVAL : Not appltaht.
CDMIENTS i FIEID INfFECTIqI,

M.M.

6-in carbon •t«l usiro•
No pd, no posts, eKpad anatockd.
No pormsnsnt idtntifie.ticn.
Not In rdistion tono.
C.sinS nesds sxtwlon.
OTMER:

AVAILASLE LOU Driller
TV SCNI DOINENTS Not applicable
DATE EVALUATED z Not .pplie.blo
EVAL RECGINEIDATIDN Not applicable
LISTED USE SET Nonthly water laval sessuremnt, 15Ju174"269ar93;

MNC Srirnol wt.r ssaplo sthdula
PIAIi TYPE Electric au4rrsi6le
NIUNTEMAYCE
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I WELL CONSTRUCTION AND COMPLETION 91.411URY -1

Drilling Saeple
Method: Cable toot
Drilling

Method: Nard toot (nmsl
Additives

Fluid llsad: later Used: Not doe:aented
Driller's WA State
Nasse: :s Lie Nr: Biohen-0036
Orill np Caapany
Canyany: Netch Location: Pesco. W
Date Date
Started: 05Ju173 Cosplete: 24Atg73

WELL TEMPORIIRY
BURGER: 299-VI I- 24 NELL N0:
Nanto
Coordinates: N/S4 1 5̂81 E/Y 4 390
State NIID83 N ,36744.6^ ,56d91S35e:
Coordinates; N 448.689 E 2.219.823
Start
Card #: Not docunented T_ R S
Elevation
ormnd surface (ft): 684.3 Estimated

Depth to water: 218-ft Mar90TY
(Ground surface) 222.6-ft 26Mar93

GENERALIZED Driller's
STRATIGRAPHY Log

0-40: GRAVEL i SAND
40"94: SAND t SILT
94.'1D4: SILT
104»112: CALICHE
112»140: CALICHE with SAND & SILT
140-145: SAND & GRAVEL
145+160: SAND, GRAVEL & COBBLES
160»250: Rinpold

-^ Ele9atiom of reference point: C687.17-ft]
(top of CesirNl)

F^
Beipht of reference point above C 2.9-ft I
Brourd surface

t
- I Depth of surface seal C ND )

Type of swface seal: None docunented

I.D. of surface CasinN ( ND• I
(If present)

I.D. of riser pipe: C 6-in I
Type of riser pipe:
Carbon steel

Diameter of tarehole: C 7-in nana

Type of filler:
Not doeumented

i
i

i
n
n
n

i

DrawinB By: RKL/2N11-24JISB Date: 16ACr4S

Reference: HANFORD WELLS

Depth bottom of casinB:
CesinB pulled back from
total depth

Screen asseebly;
Btank, 205»210-ft
920 Johnston, 210+230-ft
010 Johnson, 230-250-ft

.--j Depth bottom of borehole C 250-ft I
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SUNNARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-WII-24

WELL DESIGNRTIDN 299-W11-24
CERCLA LMIT 200 ASSraS
RCRA FACILITY 2 SinOle She
HANFORD C1000DINATES N 43,531
LANNERT CGORDINATES : N fi8,689

DATE DRILLED
DEPTH DRILLED CGS)
NEASURED DEPTH CGS)
DEPTH TO WATER (6S)

CASING DIANETER 6-

E[EV TOP CJISING
ELEV GROUp SDRFACE
PERFORATED INTERVAL
SCREENED INTERVAL
WIRIENTS

AVAILASLE LOGS
TV SGN CGIMENTS
DATE EVALWTED
EVAL RECbI9ENDATION
LISTED USE

PUW TYPE
MRINTENANC,E

NrWetant Study

W 75,390 [20pW-11SSp90)
E 2,219,E23 D0INCONV3
E 566,91E30s DUD83-11Sp90)

6-in tileseopini, 420 slot 210Nt30-ft, 110-slot 230»250-ft
FIELD INSPECTIqi 226Dr91,
6-in carbon stsat casing.
No pd, ta Fosts. capped not loeked.
No perrrwnt Idantifiwtion.
Not In radistion zone.
OTNER:
Oriller
Not applleable
Not applicable
Not appliesble
SST Monthly water level sessuresent, O5NayS9»26Nar93;
WNC Sewiamrl wter snple sched:te
Electrie suhrrsible
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I WELL CONSTRUCTION AND CONPLETION SiMNRY I

Drilling Sample Drlve barrel WELL TENPORARY
Method: ble t ol Method:Jiard toot NuMBER: -299y11z;7 WELL NO:
DrillinG V Water Additlves Nanford
Fluid Lh:ad: su:ulv Lised: Not docunented Coordinates: N/S N437515- E/Y V 75 482 7
Driller^s W State State NAD83 N 136, 3.Sis E ^,^f.%
Nasr: D. I r J Carpenter Lic Nr: .Mot docurcnted Coordinates: N 448.860 E. 2.219.730
Drill nN Company Start
Compeny: _Kaiser Enaineen Location: Nanford Card /: Not dacunented T_ R_ S
Date Date Elevation
Started: 080Ct91 Cosplete: 21NOV91 Ground surface (fU: 681 .81 ( Brass cao)

Depth to wter: 218.4-ft Nov91
(Ground surface)220.0-ft 26Mar93

GENERALI2ED Geologist's
STRATIGRAPHY Log
Sl•sliyhtly

0"3.5: Baekfili and SAND
3.5«10: Silty SAND
10•15: Silty sandy GRAVEL
15-20: Sandy GRAVEL
20-25: Sl sandy GRAVEL
25-35: Sl silty sandy GRAVEL
35»40: Sandy GRAVEL
40»80: SAND
80485: St gravelly SAND
85+100: St sandy SILT
100+108: SAND
108•120: SAND v/trace CALICHE

CALICNE stringer B 108-f
120•125: SL gravelly SAND
125«130: SAND V/trace SILT
130W50: SL sandy GRAVEL
150»155: GRAVEL v/trace SAND
155-175: Sl sandy GRAVEL
175-190: Sl silty, at sandy GRAVE
190»200: Silty sandy GRAVEL
200-235: Sandy GRAVEL

Elevation of reference point: [685.27-ft)
(top of casing)
Height of reference point above [ 3.46-ft )
Braund surface

Depth of surface seat [0•17.9-ft)

Type of surface seal: re-mi
4x4-ft x 6-in surface^

re
^

4 eouidistent protective oosts
Ceaent arout 1«17.9-ft

I.D. of riser pipe: [ 4-in )
Type of riser pipe:
Stainless steel

Diameter of borehole,
0-19.7-ft, 13-in naminal
19.7»106.8-ft, 11-in nominal
106.8»235.0-ft, 9-in naninel

Type of filler, 17.9»205.9-ft
8«20-sesh bentonite Crurblea

Depth top of seat: [ 205.9-fU
Type of seat:
318-in bentonite nellets

Depth top of sand pack: I209.7-ftt
20•40-mesh silica sand

DcpM tap ef aereen: L213.2-ft)
4-1 / 0-s ot ean i wrap

04 stafnless steel rith
^lter Dack

Depth bottom of screen: [ 233.6-ft)

Fill, 234.0-235.0-ft
Depth to bottom of borehole:

Drwins By, RKL/2V11-27.AS6 Date: 16ADr93
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SUNMARY OF CONSTRUCTION DATA AND FIELD OBSER
RESOURCE PROTECTION WELL - 299-WII-27

WELL DESIGNATION 299-W1-27
CERCLA UMIT t 200 A^rsysta Area NsirSatRnt Stody
RCRA FACILITY Sirola shall tanks
NAMFORD COORDINATES N 63.751.5 M 75,4E2.7 L20d1-20Nay921
LAI®ERT COORDINRTES M KE,E60 E 2,219,730 tNIW00NV)

M 136,7%.S6n E 566,E6(.V/w DIIm83-20May92l
DATE DRILLED Mov91
DEPTH DRILLED (OS) 235.0-ft
MEASIAE9 DEPTH (GS) : Not doe:wntad
DEPTH TO WATER (GS) 2tE.6-ft, Oct91;

220.0-ft, 26Mar93
CRSING DIAMETER i-in stainlass stsal, N.0•213.2-ft)

6-in stalnless steet, +3.i6r'0.5-ft
ELEV TOP CASING 665.27-ft, peVDA2P-20WyP21
ELEV ORdIMD SUIFACE 651.l1-ft, Ersfs cap 01GVD129-20MSy921
PERFDRATED INTERVAL :
SCAtEENED INTERVAL

Not appltcahle
213.2-233.6-ft, 1-in if0-slot stalnlsss stost;

CC[MIE)ITS : FIELD INSPECTION,
OTMERt

AVAILARLE LOGS GsoloEist
TV SCAM CDIMEYTB : Not
DATE EVALUATED not applieshle
EVAL RECOISEWATION : Not applteshle

gLISTED WE SST Nunthty water lenl wessvrnt, 22Jen92»26MSr93;hty
Not on water srpla saAadule

PIRIP TYPE Rydrostsr, lntake at 23(.3-ft (TOC)
MAINTENIUICE
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I WELL CAIiSTRUCTION AND NLPLETIqi SIABIARY ^---^

Drilling Sasple Drive barrel YELL TEMPORARY
Method: Ceble tool Method: Mard tool MLNLBER:^ W11-26 A4908 WELL N0:
Drilling 200 W Water Additives Banford
Fluid Ustd: 5vnlv Used: Not docuntnted Coordinetes: M/S N 43 577.8 EM W 75 , 31 9. 3
Driller's WA State State NID63 M , . ,5693f.As
Nane: N Bake r Lio Nr: Not daeusented Coordinatn: N 448.686 E 2_219_894
Drill tg Convany Start
CeaQeny: Kaiser Engineers Location: Hanford Card #: Not documented T_ R S
Date Date Elevation

_

Started: 030et91 Conplete: _T1Dec91 Ground surface: 689.94-ft ( Brass ca0)

Depth to water: 226.5-f t Dec9
(Groud surfaca) 8 8- u 4

GENERALIZED Geologist's
STRATIGRAPMY Log
Sl-stightly

0-5: Sandy GRAVEL
5»10: SAND
10»40: Sandy GRAVEL
40»75: SAND
75»60: Gravelly SAND
8D»97: SAND, 6-in SILT layer i 88
97«99: SILT
99»105: SAND
105»110: SILT
110+115: Sandy SILT
115»120: SILT
120»125: SILT w/CALICHE
125«130: St silty, sandy GRAVEL
130M40: St sandy SILT
140-145: Sandy SILT
145-150: Silty sandy GRAVEL
150»155: Sandy GRAVEL
155»160: Silty sandy GRAVEL
160"165: Silty GRAVEL
165W80: Sandy GRAVEL
180+205: Silty sandy GRAVEL
205«210: St gravelly silty SAND
210-215: St sandy GRAVEL
215»230: Silty sandy GRAVEL
230-242: Sandy GRAVEL
242"247: St gravelly SAND

COMPLETION NOTE:
Original drilled depth was
240-ft. Well was extended to
247.4-ft during secend attempt
at eoepletion.
13Ju192 Problem reported
Pump and tubing stuck in well
due to caved easing D 169-ft.

REMEDIATION:
30Aug'.080ct93 by WNC Well Service
1] Cut il-in pipe 7 161.5-ft & rem
23 Washed over L removed 1 joint
33 swedged casing 3 removed hydro

pumP S pipe-
4] Ran concentric roller at dssaS

area, rolled to -2 -in. Lost
roller off tool string. Did
not retrieve.

53 Installed 2-in ID by 3-ft stal
steel liner -169^172-ft. Line
3S-in ID fumel fitting at toP

Drawing By: RKL/2W11-28.ASB I
Date : 100ct94
Reference : WNC-SD-EN-DP-04

Elevation of reference point: C693.46-ft]
(top of casing)
Height of reference point above t 3.54-ft ]
ground surface

Depth of surface seat 10»16.1-ftl
Type of surface seat:
PrrMix concrete 4x4-ft x 6-in
surface pad extending 1-ft into annulus
CeeMnt grout to 18.1-ft
13-in naainel hole, 0- t

4-in ID T304 stainless steel casing,
M.0•224.0-ft

11-in nominal hole, 20.3-116.2-ft

Bentonite cnmbles, 18.1«216.2-ft

9-in naoinal hole, 116.2»247.4-ft

CanKra survey 24Aug93
showed casing caved in 2 169-ft CGS)

Bentonite pellets, 218.2-220.8-ft

10•20-nesh silica sand, 220.8»247.4-ft

4-in T304 stainless steel screen,
224.0-244.9-ft. 010-slot
v/fiLter pack

Depth to bottom of borehole: L 247.4-ft)
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SUMNARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W11-28

NELL DESIGNATION 299-V11-2E
CERIi,A IR1IT 200 ARErp
RGU FACILITY Riryls Si.
WIMFDRD COORDINATES N 43,577.1
LANRERT CODRDINATEE : 1445.686

DATE DRILI.ED
DEPTH DRILLED (DS)
NEAEURED DEPTH (DE) I
DEPTH TO WATER (DS) e

CASING DIAIETER

ELEV TDP GRIND s
EIEV ERDUND RIAIFAlE
PERFORATED INTERVAL
RCREENED INTERVAL
DDRIENTB

AVAILAELE LOU
TV NGN DORReNTR I
DATE EVALINITED
EVAL RECOIMENDATIIE) :
LISTED USE

PUP TYPE
NAINTENANCE

it^ NsnRErnt RLUd/

N 75,319.3 E20DN-2Dnsy92)
E 2,219,894 [RANCDNV)

i E 566.934.8% DIADE3•20NSy92)

idlss^L
drs atsal. v1.D»2?A.o-ftj
dps atsal. +3.5M'0.S•ft

DNYD-29•201sy92)
ablass osp DWYD129-204y92)

9•ft,_4-in /10-slot atHnlass steel;

esstro.
i pasts, I rMOVabla.
ap in pd with walt to.

by stud[ Pnp.

Not appllesEls
Not Rppltesbls
EtT annehly w/l sanuratent, 22JSn92-16A:q9i;
Not an water wpls sthadwts
Not donnented
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Appendix C

Moriitoring Efficiency Model Output

Regarding New Well Installation

This appendix provides results ofcomputer modeling used to guide locations for new monitoring

wells to improve the probability of detecting contamination from Waste Management Area (WMA) T.

The model is an analytical Monitoring Efficiency Model, referred to as MEMO, which was developed to

assist in design of monitoring well networks (Wilson et al. 1992). The model uses a plume generation

routine to compute the size and shape of a plume from hypothetical source locations uniformly distributed

within the source area (i.e., waste management area). The model assumes the contaminant is released as a

continuous line source to a uniform or homogeneous aquifer. If a contaminant occurrence is more of a

short-term transient event, then there is likelihood that the computed monitoring efficiency may be over

estimated because less lateral spreading will occur than with a continuous release source.

Major input parameters needed include groundwater flow direction; longitudinal and transverse

dispersivities, velocity, buffer zone and well locations. The X-Y coordinates are entered to define well

locations, the waste management area boundary and the buffer zone. The buffer zone is used to allow the

hypothetical plume to expand to some point beyond the source area boundary. The further away the

buffer boundary is set, the greater the lateral spreading that will occur in the vicinity of the line of

compliance where the wells are located. Thus, there is a trade off between number of wells needed and

the elapsed time when a contaminant plume would be detected. With a narrow buffer zone (boundary set

close to the well locations), detection of hypothetical contaminant plumes would occur earlier but requires

more wells.

Longitudinal and transverse dispersivities, the parameters that control the extent of spreading of the

plume, were previously determinedt°) using the observed distribution of the tritium plume in the 200 West

Area. These same dispersivities are deemed appropriate for WMA T because the aquifer beneath both the

northern and southern part of the 200 West Area is in the same hydrogeologic unit. Other input param-

eters and the values used for the WMA T computer iterations are defined below.

• X-Y coordinates: State Plane, meters.

CndCo: Dilution contour where CD is the detection standard selected as the limiting concentration to

be detected by a monitoring well, and Co is the source concentration in groundwater at the location of

origin within the waste management area. To provide adequate early warning of a release, the model

should be based on a dilution contour for the more mobile potential contaminants at the site. For the

(') Low-Level Waste Burial Grounds RCRA Part B Permit Application, Section 5: Groundwater Moni-

toring, 903-1201. Prepared for SAIC, Richland, Washington, by Golder Associates Inc., Redmond,

Washington, 1990.
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WMA T computer simulations, a detection limit of 10 pCi/L for Tc-99 is used as the detection stan-
dard (CD) and 10,000 pCi/L is used as the source concentration (Co), resulting a dilution contour of
(Co/Co) = (10 pCi/L)/(10,000 pC'ilL) = 0.001. This is a reasonable approximation of likely conditions
at WMA T.

• Idisp. Longitudinal dispersivity, meters. A value of 8.5 m(28 ft) was used based on tritium plume
dimensions in the 200 West Area (see Golder Associates 1990, page 102).

•. tdisp. Transverse dispersivity, meters. A value of 2.5 m(8 ft) was used based on tritium plume
dimensions in the 200 West Area (see Golder Associates 1990, page 102).

• diffc. Effective molecular diffusion coefficient (insignificant for this application so set to zero).

• source width, meters. The length in meters of the initial source dimension (modeled as a line source
of the same length spaced evenly over the entire source area). A line source length of 6 in was used.

• lmb. First order radioactive decay constant. This term was set to zero because no decay was
assumed.

• cvel. Average contaminant velocity, meters/day (m/d). A value of 0.1 m/d was used for computa-
tional purposes.

Output of the MEMO model using existing usable WMA T network (299-W10-4, 299-W10-1,
299-W 10-23, 299-W10-8, 299-W 10-24, 299-W 11-24, and 299-W11-12) is shown in Figure C.I. Flow
direction, as inferred from the most recent water table elevations, is almost due east. Input parameters
and coordinates used for Figure C.1 are listed in Tables C.1. The shaded areas in Figure C.1 suggest there
is a major area of inadequate well coverage at the southeast end of the waste management area and at the
northeast corner. The possible sources not likely to be covered by the current network include tank T-111
and the diversion boxes (241-TR-153, 241-T-151, 241-T-152, and 241-T-153) in the southeastern area
inside the tank farm fence line (Figure C.1). Three new well locations were added to eliminate the areas
of predicted non-coverage (Figure C.2), one at the far northeast comer (well location #1, near tank T-101
when 299-W 11-23 is dry), and two in the southeast comer of the waste management area (well locations
#3 and #4). One new well is added to replace 299-W11-28 that is going dry (well location #2). The
model results after inclusion of the four new well locations also suggests there may be a need to include
an additional well at the far (outside) southeast comer of the T farm fence line. Printouts for the extended
network (i.e., existing useable network plus four additional wells as indicated in Figure C.2), using input
parameters values as provided above, are presented in Table C.2.

Based on the above analysis and professional judgment regarding actual site conditions (location of
obstructions, contaminant observations, site-specific hydrogeology, etc.), the new well locations were
chosen for enhancing near-field spatial coverage for this waste management area. Additional wells may
be needed to define mid-field to far-field movement to assess areal extent beyond the waste management
area study boundary and to eliminate the remaining non-covered area in the southeastern part of the waste
management area.
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Table C.I. Input Parameters and Coordinates for Figure C.1

++++++++++++++++++++++++++++++++++++++++++++
++ MEMO Data File ++
++ ++
++ Monitoring Analysis Package ++
++ MAP Version 1.1 ++
++ ++
++ GOLDER ASSOCIATES INC. ++
++ ++
++ Run on 05/18/00 at 08:38:50 ++
+++++++++++++++++++++++++++++++++++k++++++++

-------------------------------
< T Tank Farm - RCRA Wells
-------=-----------------------

* SCALE FACTOR
1.000000

* SOURCE GRID
incr)

>

PARAMETERS (xO,yO,grid spacing,max x incr,max y

566703.000000 136633.700000 2.000000
117 81

* POTENTIAL SOURCE AREA COORDINATES (#,x,y,unit#)
1 566703.00 136633.70 1
2 566711.90 136794.10 1
3 566894.80 136794.10 1
4 566936.40 136634.50 1
5 566820.80 136634.50 1
6 566820.80 136646.50 1
7 566800.20 136650.10 1
8 566798.90 136634.50 1

* LINE OF COMPLIANCE COORDINATES (#,x,y)
1 566703.00 136633.70
2 566711.90 136794.10
3 566894.80 136794.10
4 566936.40 136634.50
5 566820.80 136634.50
6 566820.80 136646.50
7 566800.20 136650.10
8 566798.90 136634.50

* ARRAY SPACING FOR BUFFER ZONE COORDINATES
4.000000

* INPUT BUFFER ZONE COORDINATES (#,x,y)
1 566640.00 136565.00
2 566655.00 136835.00

(max. spacing)
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Table C.I. (contd)

3 566925.00 136835.00
4 567000.00 136565.00

* MONITORING WELL COORDINATES (#,x,y)
1 566735.00 136578.00
2 566663.00 136735.00
3 566824.00 136815.00
4 566849.00 136811.00
5 566885.00 136799.00
6 566927.00 136604.00
7 566913.00 136745.00

* CONTAM. TRAN. PARAMETERS (CD/CO,ldisp,tdisp,diffc,source wid
th,lmb,cvel)

1.000000E-03 8 .500000 2.400000 0.000000E+00
6.000000 0.000 000E+00 1.000000E-01

* GRADIENT ZONE COORDINATES (#,x,y,unit#,angle)
1 566550.00 136565.00 1 5.00
2 566650.00 136860.00 1 5.00
3 566925.00 136860.00 1 5.00
4 567010.00 136565.00 1 5.00

* SOLUTION RESULTS •
Maximum advection time = 36500.000000
Accuracy of solution - 1.000000E-04

Solution basis - buffer zone/advection time
Total # of source points = 8251
# of undetected leaks - 2364

Monitoring efficiency = 71.3 %.
* END OF MAP FILE
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Table C.2. Input Parameters and Coordinates for Figure C.2

++++++++++++++++++++++++++++++++++++++++++++
++ MEMO Data File ++
++ ++
++ Monitoring Analysis Package ++
++ MAP Version 1.1 ++
++ ++
++ GOLDER ASSOCIATES INC. ++
++ ++
++ Run on 05/18/00 at 07:01:14 ++
++++++++++++++++++++++++++++++++++++++++++++

--------------------------
< T Tank Farm - RCRA Wells
--------------------------

>

* SCALE FACTOR
1.000000

* SOURCE GRID PARAMETERS (xO,yO,grid spacing,max.x incr,max y
incr)

566703 . 000000 136633.700000 2.000000
117 81

* POTENTIAL SOURCE AREA COORDINATES ( #,x,y,unit#)
1 566703.00 136633.70 1
2 566711.90 136794.10 1
3 566894.80 136794.10 1
4 566936.40 136634.50 1
5 566820.80 136634.50 1
6 566820.80 136646.50 1
7 566800.20 136650.10 1
8 566798.90 136634.50 1

* LINE OF COMPLIANCE COORDINATES ( #,x,y)
1 566703.00 136633.70
2 566711.90 136794.10
3 566894.80 136794.10
4 566936.40 136634.50
5 566820.80 136634.50
6 566820.80 136646.50
7 566800.20 136650.10
8 566798.90 136634.50

* ARRAY SPACING FOR BUFFER ZONE COORDINATES ( max. spacing)
4.000000

* INPUT BUFFER ZONE COORDINATES ( #,x,y)

1 566640.00 136565.00
2 566655.00 136835.00
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Table C.2. (contd)

3 566925.00
4 567000.00

MONITORING WELL
1 566735.00
2 566663.00
3 566824.00
4 566849.00
5 566885.00
6 566927.00
7 566913.00
8 566915.00
9 566918.00

10 566928.00
11 566938.00

136835.00
136565.00

COORDINATES (#,x,y)
136578.00
136735.00
136815.00
136811.00
136799.00
136604.00
136745.00
136781.00
136745.00
136710.00
136675.00

* CONTAM. TRAN. PARAMETERS (CD/CO,ldisp,tdisp,diffc,source wid
th,lmb,cvel)

1.000000E-03 8.500000
6.000000 0.000000E+00

*. GRADIENT ZONE COORDINATES
1 566550.00 136565
2 566650.00 136860
3 566925.00 136860
4 567010.00 136565

2.400000
1.000000E-01

(#,x,y,unit#,angle)
.00 1
.00 1
.00 1
.00 1

* SOLUTION RESULTS
Maximum advection time = 36500.000000
Accuracy of solution = 1.000000E-04
Solution basis = buffer zone/advection time
Total # of source points s 8251
# of undetected leaks = 149

Monitoring efficiency = 98.2 9.
* END OF MAP FILE
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Appendix D

Preliminary Results for FY-99 and FY-00 Detailed

Hydrologic Characterization Tests Conducted
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This letter report presents preliminary results obtained fmm detailed hydrologic characterization

tests conducted within the WMA SSX, TSTY, and T duting FY-99 and FY-00. These results are

in the process of beieg formally documented in several PNNL technical reports (e.g., Spane et aL

2000). This letter report is being issued as an interim measure to meet curient hydrologic data

needs ofvuious WMA projects, prior to fonnal technical report issuance. The letter report only

provides the prdiminary results for the vadous detailed hydrologic ebaracxrization test elements,

and does not present discussions pertaining to test descriptions, and analyticai methods and result

comparison. These discussions will be presented in detailed fashton in the subsequent technical

reports.

Detailed Hydrologic Characterization Program

As part of the Hanford Groundwater Monitoring Pmjeet, Pacific Northwest National

Laboratory conducts deta0dd hydrologic characterization tests within wells at selected locations

to provide information permiaing to the hydraulic properties and groundwater flow

characteristics of the unconfined aquifee The following identifies and briefly describes the

vadous characterization components employed in FY-99 and FY-00, as pact of the detailed

hydrologic characterization program. Various lndividual test element activities include:

Groundwater Flow for quantitative determination ofgroundwater flow
Charactertization: direction and hydraulic gradient eonditions

Barometric Response for detetmiaing well response characteristics to barometric
Evaluation: fluetuations; for estimating vadose zone transmission characeeristia;

and for removal of bstometue pressure effects from hydrologic test

responses

^^one
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Slug Testhig: for ewluatmgwell development conditions and to provide
proPcry=&=anon (e.g., hydraulic

eonducdvity) for design of subsequent hydrologic tests

Tracer-Dilution Test for deoetmining the vetticsl distribution of hydraulic conductivity
and/or groundwater flow velocity witbin the well-screen section, and
for identifying vertical flow conditions witliin the well column

Tracer-Pumpback Test for tmcet removal and char.a ri>ing effecdve porosity, an important
hydrauGc'transport parameter

Constant-Rate conducted in eoncert with ttacar-pampbaek phase. Analysis of
Pumping Teat: drawdowa and recovery data provides qoantitative, lasge-acale

hydraulic characterization propertyinformadon, e.g., hydraulic
conducdvity. soorapvity, specific yield

Step-Drawdown Test: for deteemining well efficiency and well loss for the wdlscreen
section; for removal ofwell Ioss effects from hydrologic test response

InWell Vertical for deoamiaing the existence of vertical flow within the well-
Traces/Test: screen section

Accurate delineation of the prevailing groundwatec-9ow direction and hydraulic gradient, I,

conditions is critical fos proper evaluation ofgronndwater contaminant movemene Within

study areas of small size aod/or havioglowgrad[ent conditions, dea iledgroundwater flow

characterization can be diffictilt. A method thatfieilitates groundwater flow chamcoerization in

such areas is the use of tcendaur6tee analysis of apreseamtivemoniLocng well total head

measurements (not well water level ekvatton). A description of the use of trend-sucfaee analysis

for detailed eharnetecudon ofgroundwata flow conditions is presented in Spane (1999).

Slug testiag is designed psimarily to provide initial estmates ofhydmailic conductivity, K, for the

design of subsequent, more quantitative hydrologic tests. At each we,ll, slug tests are conducted

using at loasc two diEferent stceas levels to provide lofotmation petmining to well development

and possible presence of aear-wdl hetaogeoeitiea. A detsiled description of the deaign,

pecfo•••••nr• and analysis of slog test eharactesizations is presented in Butler at aL (1994) and

Butkr (1997).

Tmcer dilutioa and tra«cpumpack/eoaseant-atte pumping and recovery tests are conducted at

amgle-well sites. For the ttacerililutioa test, a bromide solution ofknown eoncentntwn is

citculated/mixed within the wdl-acseen section. The detline of tnar conowtcation (i.e.,

"dilutioa') with time within the well sorcen Is monitored directly using a vertical auay, of

bromide specifiaion electrode probes located at known depth intervals. Based on the dilution
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characteristics obsetved, the vertical distribution (.e„ heterogeneity) of hydraulic properties
and/or flow velocity can be estimated for the formation within the well-screen section. The
presence of vertical flow within the well screen can also be identified from the probe/depth
dilution response pattem A description of the performance and analysis of tMcer-dilution test
chsracterization investigetions is provided in Halevy et al. (1966), Hall .et al. (1991), and Hall
(1993).

For the tracer pumpback, a constant-ratepumping test is initiated after the average tracer
concentration has decreased (i.a, diluted) to a sufficient level within the well screen (usually a 1
to 2 order of magnitude reduction from the original tracer concentration). The objective of the
pumpback test is to "capture" the tracer that has moved from the well into the surrounding
aquif«. Tracer recovery.is monitored by measuring the tracer concentration in water pumped '
from the well. The time required to recover the centroid of tracer mass/concentration provides
'information of the aquifer effective pomsity, n.. Effective porosity is a primary hydmlogic
parameter controlling contaminant transport. Once estimates for np K, and I have been

determined, the average aquifer groundwater flow velocity, v„ can also be calculated.

The constant-rate pumping test may be extended for it time duration longer than required for

capturing the tracer centroid. The extended pumping time enables quantitative large-scale

cbaracterization of the surrounding hydraulic properties. The time required to obtain

representative hydrologic property results can be detemuned by using diagnostic derivative

analysis results of the drawdown data obtained from the pumped and nearby observation Well
locations. A detailed description of the use of derivative analysis techniques. is provided in

Spane (1993) and Spane and Wurstner (1993).

Following termination of the constant-rate pumping test phase, the recovery ofwater levels

within the pumped well and surrounding observation wells can also be monitored. The time

required for recovery monitoring can be assessed in a manner similar to drawdown data

collected during the pumping phase, through the use of diagnostic derivative analysis. For

general planning purposes, however, recovery monitoring should be maintained for a period

equal to the pumping period and preferably longer. Analysis ofthe associated pressure

drawdown and recovery responses at the surrounding observation was provides the basis for

determining standard, large-scale hydraulic properties within the tested aquifer. These hydraulic

properties indude: horizontal conductivity (KJ, **4^=m;•sivity (1), atorativity (S), and specific

yield (S). In addition, detailed hydrologic property characterization obtained from compositely

analyzing drawdown and recovery data from multiple observation wells include: vertical

anisotropy (I<,/K,) and horizontal anisotropy (Kti,/Kb,). The vertical and horizontal anisotropy

parameters are the prindpal hydraulic parameters controlling the directional contaminant

transport within the local area.
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A group of tables-is piesented in this letter neport that summa^>_ the results from vauous detailed
hydraulic ch*rac-^z^twn actRrmdes. Table 1 provSdes a summaty of the vatious demiled hydraulic
chanctetization elemeats. Tabk 2lists the pseliminuy aualyais nmgmforhydrauIIe aonduaivity
and tcansmissivity determined itomslug tests and oonstant-raoe pumping testt. Table 3 presents
pertinent iafottnadon perraining to tacer-Mudon testing, and estitnnces forlatetal groundwater
flow velocity within 6e well serxn, v, Table 4 ptesenta tesults of ttaoec pumpback testing and
associated estimates for effective porosity, n„ and avernge aquifa groundwater flow velocity, v,.
Table 5 lists the tnsults of groundwater IIow ebatacadzadon (hydraulic gnadient, I. and
gFoundwater flow direction), based on ttend-surfaca analysis, for the various well sites selected for
tracer testing.

Data Discussion

Table 2 presents estimates obtained from slug testing and constant-rate pumping tests. The range
for K listed for slug tests represent the average K value as determined using the Bouwer and Rice
method sad the typesurve matehing pmoedure. Constsnt-ctte pumping test results include the
analysis ofdiamdown and/or recovety data using the methods ident'sfied previously. A close
correspondence in utimacrs for K is evident between the two test methods. It sbouid also be •

noted that the test analysis was complktedindiependendy by different anatysts, ie., P.A. Spanc slug

tests and P.D. Thome: constanc-atte pumping tests.

Table 3lists pertineat infomoatton pertaining to the tnacndilution tests petformed. Several weIIs

exlubited vetticslflow conditions (denoted by VP in the table), wbich latg* lnvalidate the results

of the test The vertical 8ow conditions deoected during the tmeeadiludon oestmg ('i.e., wel1299-

W10-26: downaatd; well 299-W14-13: downaaad; and 299-W22-49: upmard) were also

corrobonoed independently directly using electromagnetic vertical Aowmeter surveys conducted at

these wells, as reported in Waldcop and Peanon (2000).

It should be noted that the v. estimates based on the uacee-dlution tests are strictly for inwPall

groundwater flow conditions. The n•]ationsbip between v, and aquifer groundwater flow velocity,
v,., is shown in equation (1) below:

^. _ ^. n. O0 (1)

where, groundwatet flow distortion factor,
dimensionless, common range 0.5 to 4
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Average well flow velocities ranged between 0.007 to 0311 m/d. It should be noted that the
lowest average value of 0.007 m/d recorded at well 299-W22-48 (WMA SSX^, is a result of
averaging depth/wdl velocity conditions that indicatevery little flow within the lower part of the
well screen. The value of 0.023 m/d indicated for the well screen maybe more reflective of actual
aquifer conditions. The highest value of0311 m/d calculated for well 299-W15-41 (WMA T) is
higher than expected, and. may be the result of ernaneous hydrologic effects imposed by the
nearby 200-ZP-1 pump and treat facility. This well location is well within the potential radius of
influence distances reported in Spane and Thorne (2000) and, therefore a possible cause for the
observed elevated in-well flow velocities.

To assess the repeatability of the tracec-dIIution test results, two separate tests were conducted at
well 299-W22-50. A comparison of the tests indicates small, but discemable differences in the
associated v. estimates, i.a, Test #1 = 0.066 m%dp Test #2 = 0.046 m/d. Results for Test #2 are
considered to be more representative based on the lower initial tracer concentration used (Le.,
possible tracer concentration bias), and the longer nacer-dlution period exhibited.

A comparison of the observed depth/well velocity profiles provided information about
permeability distribution within the well-screen sections at four of the vvells. At weils 299-W10-24

(WMA TX-TY)and W15-41(WMA 1) the highest flow velocities (and infeaed petmeabilities)
were exhibited near the middle of the saeen, with lowest flow velocities indicated near the top.
Conversely, for well 299-W22-48 (WMA-SSX), the highest flow velocity was denoted near the
top, with essentially little to no flow indicated for the lower pan of the well screen. For well 299-

W22-50 (southern boundary ofWMA SS7C), relatively unifomi depth/well velocity profiles were .

exhibited, indicating homogeneous conditions throughout the well-screen section. This condition

was indicated for both tests conducted at the well sioe.

Table 4lists pertinent information pertaining to the tracer pumpback tests performed. As noted

previously, several wells exhibited vertical flow conditions during the tracer-dilution tests (denoted

by VP in the table). The fact that tracer only was emplaced into the aquifer withina small portion

of the well screen, seriously impacts the assumptions of the test ( which'will be discussed in detail

in the subsequent PNNL technical report) The tracer pumpback results•for those wells affected

by vertical flow conditions atchighly questionable, and should not be used for quantitative

assessment The estunates calculated from the tests, however, are provided in the table (in

parentheses) for only comparison/infotmational purposes.

Estimates for n, for the reportable tests ranged behveen 0.068 and 0257 (note: Test #2 for well

299-W22-50 is believed more representative, due to the 6ct that longer tracer drift tunes are less

affected by well effects). This range for et<fatls within the common range usually reported for

D.5



V.G.Johoson
September 26; 2000
Page 6

semi-coasofidated to unpoasolidated alluvial aquifers of 0.05 to 0.30, and brackots the lprge-scak
values for specific yield, Sr (SI - q) of 0,11 and 0.17, reported in Neacomb and Stand (1953) and
Wurstner et aL (1995), respectively for the 200-WestAcea. These htge-sealo analysis vatnes were
based on anslyzing the growt6 and deeline of the groundwater mound beneath tha200-West Atea;
that were associated with water disposal practices in the area.

Bstimates for v, for the mpornble asts ranged between 0.013 and 0374 m/d, and geaecally An
within a factor of2 of the calculated in-well flow velocities, v.. As noted previously for v„ at well
299-W15-41, the observed estimate for vr of0374 m/d at this well site may be elevated due to
affects imposed by operation of the adjacent 200-2P-1 pump and treat system.

Table 5

Table 5 lists groundwater flow ehaoeoedaadon results pertaining to detemiination of
groundwater-flow direction and hydmulic gradient, I, conditions at the various test sites during the
times of tracer testiog Gmuadaaoenflo'vv direction and hydraulic gfadient were cplailated using

the commercially availsble WATBRVFZ (InSitu, Inc. 1991) softavare program. Water-level
elevations from neighboflog, reptesentatke wells were used as inputwith the WATERVEL
progratn to calculate groundwater-flow direction and hydraulic gmdient eonditioo3 during the
demiled ebamceeuaatumperiod Tbe ptogtam util9:es a linesr, taodimeasioaal ttendsurfaee

(least squsres) to randomly located hydrologic head or anterlevel elevation input data. This
method is similar also to the llnesz apprwdmadoa teehoique desaibed by Abriola and Piniler
(1982) and Kelly and Bogardi (1989). A report that demaostntes the use of the WATER-VEL
program for calculation ofgmundwater-flow velocity and directIon is presented in Gilmore et aL
(1992) and Spane (1999).

Calculations of I listed in Tsbk 5 were used for estimaoes ofq and Y. shown inTabk 4. The

indicated easterly groundwater flom direedons for WMA S-SX and T sttes and the southerly
groundwater flow direction for the TX-TY directions is consistent with pn:vious generalizations
presented in Hattman et al. (1999) for these areas.
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Table 1. Detailed Hydrologic Characted:zation Elements

Groundwater FJ.ow Treod-surface analyais ofweR Quantitative daem7ioation ofBFOOndaater flow
Characterization water-level data direction and hydraulic ggiadirnt

BarometricAesponse WeIIwateo-levdreipmse Aquifet/aeIlmoddjdenti6adao,vadosezoae
Evaluation cbancxdrt¢t to brzomettic property dnnerr.tiaiaam, eoatection ofhfdrologxc

claum test responses for bacometdc messure flucaya ' ns

Slug Testing Mniti-stras kvel tats Local ICq, T of aquifer surcoundiotgwell site
eondoctrd at each aRll site

Tracer-Dilntion Monitoring dt'6ution of Vertical distibution ofK, gcoundwater flow
Testing admidistettd taar at velocity at injection weII location

inection well site

In-Well VeRtical Tracer Monitoriog the vectical Detemtioafion ofbecticsl6ow within the
Test movemmr of taoer witbin monitoriogwe8 screen aecticn

the well raeen
Pumping/nonitming; of

Tracer Pumpback cecovered traoei and I.rxgeo-scak, intetweIl n„ KM, K,/Kr, Kh,/Ky, T. S.
associated ptesnire response St
in monim ' Wells

Step-Drawdown Detetmiae well water-level Well loss cbamctaistics
Test respome to selected pumping

LateE

Hydcolo& patrmeters:

= hOrueotal hydraulic condecnviry; (L/T)
K,./Kn - Vectital aoisottopyp (dimensionless)

Ke./Ky = horirontd aoisotmpy; (dimeosiodess)
T = onnsmissiviry; (rt/'t)
S = stotaBv$y; (dimensionless)
n. - effective porosity; (dimensionless)
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Table 2. FY-99 and FY-00 Hydraulic Avperiy Test Analysis Summary for WMA TX-TY, T. and S-SX

• slug test results do notlnclude analysis results forBouwer and Rice method; listed range will be
updated when analysis results an complete in PY-01

puliminary pumping teat analysis values, subject to revision; to be documented In FY-01

IC, assumes aquifer with uniform hydnulic eonductivity value

- constant-rate pumping test not conducted at the weU site

D.9
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Table 3. FYA9 and FY-00Ttacar-Dilution TestAmlysia Summary for WMATXTY, T. and S-SX
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2•W10•26 67A -77.8 4/13199 7,259 219 <14 vf vf
0.08 (dowaw+rd)

Tx-TY 2-W14-13 67.1-77.9 3f16199 8,575 VP V8 VF VB
(duwnwad)

2-W15-41 66.3 - 71.1 518100 2.714 152 <15 0311 0232- 0A01+'

T 2-W10•24 724-82.6 419/99 17AS5 148 26 0.012 0.009-0A17'

2•W22-48 703 - 74.3 5/11100 15.730 141 39 0.007 0.002 - 0.023+*

2-W22rt9 67.3-71.9 4/37/00 4,175 145 4.0 vf vf
0.08 (UPwUM

S-Sx
5/1100 5,765 190 52 0.0fi6 relatively usifocnt
atNl

2-W22-50 673-71.9
Sf26100 7,240 148 65 0.046 relatively uniform
Crest 42)

+ pumeabGity profila iadicatrs highe,t permeabillty (highest flow velocity) aar the middle of well
scmw. lowest psrmeability, nac top

^• permeubility pro91e indiptes hijfiatpameability (flow volocity) sear top of wdl screeo, becoming
propascivaly lower with depOt within well aaema

Co estimated initNl traoer concentration based ltnasr 6eclc-p*qjoction of avetage well screen conditions
C, avange observed walliaeea tneerooncenlratbn at ttxmioation of teat

v. avenge groundwater flow veloeity wB6io well
v,,. groundwater flow velocity taoge within well determined from individnal probNdeptti-aettinga
vf sliytt vectGxl flow conditions detxAed sdvewely.sft'ect traoer tat muUs;.vatial flow direction

indiated in pareothesec
VF significant vertical flow conditions in well invalidating tracer-0ilu6oo test; vertical flow direction

indicated inparenthetes
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Table 4. FY99 and FY-00 Ttaceo-Pumpback Test Analysis Summary for WMA TXTY, T. and S+SX
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2-W15-41 57.6 60A 0.00129 1130* 2.714 109.0 0.068• 0374•
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2-W22-48 70.1 7.0 0.00180 1270 15.730 159.1 0.757• 0.013•
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Table S. FY-99 and FY-00 Groundwaler Flow Characterization Results Based on Trend-
Surface Analysis for wMA TX-TY, T, and S-SX
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-w15-12-w15-22

TXTY 2-w14-13 5/3/99 2989 0.00073 299-w10-17, W10-18, -w14-12,
-W15-12, -w15-22

2-w15-41 5/8-11/00 286° 0.00129 299-w14-5,=w14-6,-w14-14,
-w15-40 W15ri1

T 2-W1a24 4121199 5° 0.00172 299-w10-8. W10-12, W10-22,
-W1a24 -w11-23 Wli27

2-w22-48, 5/18100 2° 0.00180 299-w22-45, -W22-48, -W23-13

S-SX 2-W22-49 5/31/00 1" 0.00206 299-W22-49, -W22-50, -w23-14,
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2-W22-50 5l31/00 1° 0.00206 299W22d9, -W22-50, -W23-14,
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